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DEVELOPMENT OF ATOMIC 
» | ENERGY IN BRITAIN 


HE transfer to the Atomic Energy Authority on 

August 1 of the ownership of Britain’s atomic 
factories is something more than a formal change of 
name and responsibilities. The powers and functions 
of the new Authority differ from those of the Ministry 
of Supply under the Atomic Energy Act of 1946, and 
although the public authority set up under the 
Atomic Energy Authority Act, which received the 
Royal assent on June 4, takes over all the atomic 
plants of the country, a nationalized atomic energy 
industry was not thereby created. The money to 
operate the plants will be voted annually by Parlia- 
ment—the revised estimate for the cutrent year is 
£53-7 million, of which nearly £27 million is for new 
plant and buildings—and there is every intention of 
encouraging industry to play as large a part as 
possible in the development of atomic resources. 
Moreover, the far-reaching powers for the control of 
the production and use of atomic materials formerly 
possessed by the Ministry of Supply have been trans- 
ferred to the Lord President of the Council and not 
to the new Authority, nor is it assumed that the 
latter should possess a de facto monopoly of new 
knowledge in this field. 

The significance of the transfer is well put in a 
recent article in The Economist (July 31). The import- 
ant clauses in the Act from this point of view are those 
which open the way to what it is hoped will become 
increasingly close co-operation with. industry and 
permit any nuclear process—such as the generation 
of power for electricity or transport, the production 
of plutonium (with electric power as a probable 
by-product) or chemical processes based on nuclear 
reactions+to be undertaken legally by private 
industry, unless expressly forbidden by the Lord 
President of the Council. Still more is it to be seen 
in the light of the prospects to which Sir Francis 
Simon referred in a lecture early this year (see 
Nature, 173, 573; 1954) and on which Sir John 
Cockeroft touched in addressing the scientific com- 
mittee of the French Chamber of Deputies in Paris 
on July 1. Mr. Geoffrey Lloyd’s remarks in the House 
of Commons on July 9, in moving the second reading 
of the Gas and Electricity (Borrowing Powers) Bill, 
and the creation by the British Electricity Authority 
of the new post of nuclear power engineer, are also 
significant. 

The Atomic Energy Authority is empowered by 
the Act to provide technical training and distribute 
information, to sub-contract research to university or 
industrial laboratories, and to make grants to assist 
the independent production or use of atomic energy, 
as well as to aid atomic research. Such industrial 
co-operation will obviously take time to develop, and 
this greater freedom for the exchange of knowledge 
and technique should enable the atomic scientists of 
the Authority, on one hand, to consider how atomic 
energy could be applied in different industrial fields, 
and to acquire specialized knowledge of engineering 
design and operating technique, while industry, on 
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~ the other, will be enabled to acquire first-hand 
knowledge of the physical problems of making and 
handling fissile materials. Such contact and. dis- 
cussions may, in the first instance, be limited to the 
design of plant for specific problems, but should lead 
ultimately to the design and construction of nuclear 
equipment by industry itself. In particular, an 
impetus should be given to the fuller investigation 
of nuclear chemistry where, as Lord Cherwell 
emphasized in his Messel Memorial Lecture on 
July 14, our knowledge is at present so rudimentary. 

The development of the most satisfactory way of 
establishing effective liaison with industry and of 
resolving the many practical problems, of which 
security is only one, will take time, however urgently 
and sympathetically it may be fostered by the Board 
of the Authority. Moreover, the field in which it is 
likely to be developed first, that of power production 
for the British Electricity Authority, is now visualized 
as much nearer than was generally anticipated a few 
years ago. Sir John Cockcroft said in Paris that, at 
present prices of raw materials and on present 
estimates of capital costs, the atomic power plants 
now being built in Britain would be able to supply 
electricity at about a penny 8 unit, compared with 
about three farthings a unit from the most modern 
coal- or oil-burning stations. These power stations, 
such as that at Calder Hill, Cumberland, which is 
expected to come into operation in 1956, are essen- 
tially experimental. By the time the scientists and 
engineers are ready to hand over the building or 
operating of such power plants to the British Elec- 
tricity Authority, as contemplated under the Act, 
improvements in production methods or design, and 
particularly the efficiency with which uranium is 
used, should have reduced costs still further. 

Sir John Cockcroft emphasized that this pro- 
visional cost of one penny @ unit is only possible 
because the by-product, plutonium, is used. That is 
@ reminder that the use of atomic power cannot be 
sharply divided between specifically military and 
specifically civilian use; but for Great Britain this 
nearer prospect of the industrial application of 
nuclear power is important in another connexion. 
The six-year plan for the development of fuel and 
power which, in effect, the Minister of Fuel and 
Power outlined in his speech on July 9 and, in part, 
was earlier described by the British Electricity 
Authority in a pamphlet, “Power and Prosperity’’, 
published last February, contemplates the design and 
construction of nuclear-power stations of an advanced 
type by 1960, in preparation for which the British 
Electricity Authority was establishing a nuclear 
power branch of its engineering department. Sir 
John Cockcroft had outlined a programme in which 
the detailed planning and construction of two 
experimental nuclear power stations to supply 
electricity to the grid on a commercial basis would 
occupy eight years, until 1962. After trial operation 
for three years, the large-scale construction of nuclear 
stations to supply the major part of our power 
requirements would follow during 1965-70. 

The important consideration, however, is not 
simply that Mr. Lloyd’s proposals visualize an earlier 
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contribution from nuclear power, but rather the 
extent to which his plan involves demands on our 
resources of coal and other materials as well as m:1- 
power. Besides its attention to nuclear poy er 
developments, the British Electricity Authority js 
pushing ahead with a programme for the expenditi:re 
of £750 millions on the construction of conventioral 
power stations, some of which will experiment with 
oil in order to save coal. Nevertheless, in spite of 
improvements in efficiency which are estimated to 
save six million tons of coal a year, these plans 
envisage the consumption of an additional fourteen 
million tons of coal a year for the generation of 
electricity and a further two millions for the pro- 
duction of gas. The total investment of coal, vas 
and electricity between now and 1960 will amount 
to £2,250 millions. 

In considering the economics of the distribution of 
the nation’s resources in this way, there is a further 
factor which both Sir John Cockcroft’s estimate and 
Mr. Lloyd’s proposals neglect. The price of coal 
to-day does not represent its scarcity to the nation, 
and in assessing the national advantage of coal- 
saving investment, a higher price for coal should be 
assumed. Indeed, it has been computed that if 
nuclear power could be produced to-day, it would be 
cheaper to the nation by a factor of ten or twenty 
per cent than that produced from coal. Disregarding 
the economic value of the plutonium by-product, to 
which Sir John Cockcroft referred, and the security 
or defence implications, it seems probable that 
although the initial capital cost of a nuclear power 
station is very much higher than that of an equivalent 
conventional station, by the time such a station 
could be brought into operation, technical and 
economic developments would give nuclear power 
very considerable economic advantages. 

In assessing the claims upon the nation’s resources— 
for investment, materials or man-power—of nuclear 
power development and of the plans outlined by 
the Minister of Fuel and Power, there is a further 
consideration. Nuclear power developments must 
not be pressed too hard, because of the risk of 
expensive technical mistakes. Even on Mr. Lloyd’s 
more optimistic estimate, however, it seems probable 
that economically the new power plants contemplated 
by the British Electricity Authority may be obso- 
lescent almost as soon as they are built. The decision 
as to the apportionment of capital resources cannot 
be easy; but some more comprehensive statement of 
the Government’s plans seems desirable. 

Hitherto, the recommendations of the Ridley Com- 
mittee have been virtually ignored; but in the 
position now disclosed, it seems essential that between 
now and 1960 a main objective of policy should be 
to reduce the consumption of coal to the minimum 
possible. Alternatives such as water-power and 
natural gas should be exploited as far as possible 
where available ; but Sir Cyril Hinshelwood’s words 
in the annual report of the Fuel Research Board for 
1953 go to the root of the matter: “On the basis of 
existing knowledge, and with no undue capital 
expenditure, the same amount of useful heat and 
power as is now obtained could be achieved with a 
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saving over the country as a whole of several million 
tons of coal a year. Better still, for the same total 
fuel consumption there could be greater industrial 
productivity and improved conditions of comfort. 
With further intensification of fundamental and 
applied research, ways and means could be found for 
obtaining even greater fuel and power efficiency at 
an economic cost justified by the potential savings’. 
No plan for the development of fuel and power which 
ignores this aspect can be regarded as realistic, and 
support for the programme outlined by the Minister 
for Fuel and Power must wait on evidence that it 
represents the minimum demands which can reason- 
ably be made on Britain’s resources of coal, man- 
power, capital and other raw materials. 


GOVERNMENT AND SCIENCE 


Government and Science 
Their Dynamic Relation in American Democracy. 
By Don K. Price. (James Stokes Lectureship on 
Politics. New York University—Stokes Foundation.) 
Pp. ix+203. (New York: New York University 
Press, 1954.) 3-75 dollars. 

N the first four chapters of this book Mr. Price 

traces the development of science in the United 
States and the way in which the form taken by its 
organization was shaped, inevitably, by the pattern 
of American institutions and democratic ideas. In 
them he epitomizes also much to be found in those 
earlier reports, ‘““Research, a National Resource’’, in 
Dr. Vannevar Bush’s ‘‘Science, the Endless Frontier’, 
and the Steelman Report, “Science and Public Policy”, 
and he gives the gist of the debate which ultimately 
issued in the establishment of the National Science 
Foundation. His shrewd comments and penetrating 
analysis of the real issues contribute to a clear under- 
standing of the difficulties which the latter Founda- 
tion has hitherto encountered. They will also help 
those outside the United States to appreciate more 
fully what lies behind the security problem in that 
country, and the way in which it has affected 
scientists. Although Mr. Price writes with his eyes 
on the American scene and reader and his comments 
on the British practice and organization are some- 
times uncertain and not always entirely accurate, 
these chapters will be read with interest by all who 
to-day are concerned with the problem of securing 
the adequate endowment of scientific research with- 
out external control, or with the other main problem 
of the relations between Government and science, 
namely, that of determining how best the findings of 
science can be integrated into public policy where 
required. 

It is, however, the chapters on the ‘Machinery of 
Advice” and the “Structure of Policy” that give the 
book its widest appeal. As an exposition of the issues 
involved in the place and use of the expert in govern- 
ment, be that expert administrator or scientist, they 
can scarcely be bettered. Mr. Price goes right to the 
heart of the problem, and the principles he lays bare 
are as valid and relevant in Great Britain and else- 
where as in the United States. What he has to say 
on the vulnerability of science to political attack, or 
on the consequences that follow when scientists best 
able to exercise discriminating judgment on matters 
of secrecy and security are by temperament and 
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tradition so impatient that they leave this business 
too much to people who know too little about it, 
applies on both sides of the Atlantic. The clash 
between scientific freedom on one hand and security 
considerations on the other, as he points out, may 
really be due not to a fundamental conflict, but 
simply to political irresponsibility or sheer incom- 
petence. Mr. Price reveals the complexities of the 
situation and the dangers which promptly follow 
failure to ize where the boundaries of know- 
ledge end and the realm of responsible judgment 
begins. Nor does he suggest that we are likely to 
find an easy solution. The lines of advance that he 
indicates can be as usefully pursued in the context 
of conditions in Great Britain as in the United States. 
Though the particular solution found will vary, 
certainly in detail, and quite possibly considerably in 
structure, it will doubtless be found that in both 
countries success will depend more and more on our 
administrators and perhaps some of our political 
leaders beginning their careers as scientists, or at 
least with some training in science. 

The book can be whole-heartedly commended to 
all who are concerned with the problems which the 
advancement of science involves for society, and the 
way in which public policy could be based on know- 
ledge as far as is possible. Even for its last chapter 
alone it is worth reading, and the pity is that so 
outstanding a book should have been produced with- 
out either index or bibliography. FP. BricHTMAN 


THE CAMBRIDGE PLATONISTS 


The Platonic Renaissance in England 

By Prof. Ernst Cassirer. Translated by James P. 
Pettegrove. Pp. vii+207. (Edinburgh and London : 
Thomas Nelson and Sons, Ltd., 1953.) 15s. net. 


. British genius for understatement is well 
illustrated in this very able translation of the 
late Prof. Ernst Cassirer’s book, originally published 
in German in 1932. For not only has it been left to 
a distinguished Continental scholar (an expert in 
Neo-Kantianism) to portray the Cambridge Platonists 
as they should be portrayed, but even among pro- 
fessionals in Britain they have been put on one side. 
There are reasons for this neglect, which will appear 
in the sequel; meanwhile, a little more enterprise 
over—say—the past two centuries would have given 
weight to these scholars’ limitations, while extracting 
the essence of their thought. Nevertheless, in the 
pages before us, there is now a good ‘yield’. But the 
remarkable thing is how relevant to our present 
intellectual position these essays are: they could 
scarcely be more appropriate if they had been con- 
tributed ad hoc instead of as a commentary upon & 
group of seventeenth-century thinkers, themselves 
not always lucid in analysis, and deplorably prolix 
in expression. Yet, they had a ‘message’ for man- 
kind. 

To see what this was, it is necessary to appreciate 
the philosophical climate in which these Cambridge 
men, Henry More, Ralph Cudworth, Benjamin 
Whichcote and John Smith, laboured. It was the 
age of empiricism and of Puritanism. At first sight, 
these somewhat chilling winds would appear to blow 
in opposite directions (and so perhaps to cancel out) ; 
but on closer reflexion they are seen largely to 
reinforce one another, and thus to produce a mighty 
blast against which these Platonists struggled man- 
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fully, ill-equipped as they were in some respects for 
so stiff an encounter. F 

Stripped of all its frills, Francis Bacon, Thomas 
Hobbes and John Calvin had evolved between them 
a theory of knowledge which said in effect, ‘Power 
is what matters ; power over Nature and power over 
men”. Acts of cognition not directed specifically to 
these ends were classified as futile, if not worse. 
Investigation, on this view, was not justified if it 
produced mere understanding; its proper purpose 
was almost judicial, to force a witness to depose, 
and to use the information to gain the mastery. In 
brief, empiricism and pre-destination were birds of a 
feather. Against all this, with such imperfect weapons 
as they possessed, the men of Cambridge waged 
unending warfare. They wished to contemplate 
rather than to impose, to enjoy the secrets of Nature 
rather than to debase them by making them but 
tools in the service of a particular type of political 
philosophy. In effect, they were gentle, antiquarian 
and basically opposed to the prevailing spirit of 
progress. When one recollects the characteristic self- 
confidence of the age, there emerges a deep respect 
for these lonely savants,~paddling about in a little 
backwater, but at the same time keeping afloat a 
liberty, a magnanimity and a humility, all in danger 
of becoming submerged in a lust for power. 

But they did more than that. As later generations 
have discovered, there is no sure sense of the 
beautiful without contemplation. From seventeenth- 
century Cambridge, therefore, emerged the bare bones 
of zsthetics as we now know it, though it was not to 
be called by such a name until the following century 
had run half its course ; and in between, the Society 
of Antiquaries was founded, to study the past, rather 
than to obliterate all traces of it. 

Thus, much of what Prof. Cassirer has to say 
redounds to the credit of that post-Reformation 
foundation, Emmanuel College, Cambridge, to which 
the majority of these writers belonged. (Incidentally, 
there is a sizeable corpus of Cudworth’s scripts still 
not printed.) Brought up, for the most part, in sur- 
roundings of ecclesiastical rigour, they cast off many 
of its more unlovely fetters, and managed to combine 
the Puritan ideal of service with a fair zest for life. 
Above all, they knew what they wanted, and, as 
Prof. Cassirer points out, never was the adjective 
‘latitudinarian’ more inappropriate than when applied 
to Cambridge Platonism. 

We now come to a peculiar feature of the move- 
ment, and of the niche which it must always occupy 
in the history of thought. This is the way in which 
it regarded the natural sciences. Strange to say, 
Henry More in particular was very keen on experi- 
mental philosophy as it was in his day. His distrust 
of the empiric did not inhibit this activity in the 
least. But unfortunately his critical faculty deserted 
him. He would assemble fact after fact, with no 
attempt to discover any unifying principle. Added 
to which, a somewhat facile regard for miracles and the 
like brought confusion and negation just when clarity 
was most needed. Il-equipped in mathematics, 
and deficient in epistemological judgment, the 
Cambridge School presented to a hostile world the 
paradox of a nexus of men zealous for the enthrone- 
ment of reason in matters of religion, while abandon- 
ing it entirely in the sphere of science. 

On more than one occasion, pioneers have been 
known to work in a vacuum, with the result that no 
contact with the outside world could occur until, by 
chance, an interpreter appeared, ready and willing 
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to be their spokesman, and so to save them from 
public oblivion ; and so it turned out to be for the 
Cambridge Platonists, when their labours attracted 
the attention of the third Earl of Shaftesbury (1671- 
1713). He identified himself with their doctrines, 
and introduced them to a far wider circle than they 
would otherwise ever have reached. At the same 
time, he made secure their system of ethics, and of 
esthetics, by supporting the essential liberty of man- 
kind both against ‘sanctions’ and spurious rewards, 
It must have needed some courage to achieve this, 
for one who had been a pupil of John Locke, and was 
afterwards his patron. 

Prof. Cassirer has done the cause of the Cambridge 
Platonists a distinct service by writing his book in 
the first instance. By producing this translation, 
however, Dr. J. P. Pettegrove and the publishers 
have performed a valuable auxiliary task, which 
should enable students of English-speaking countries 
to judge for themselves how deeply our present-day 
outlook has been influenced by “the unfashionable 
efforts of these seventeenth-century scholars. 

F. I. G. Raw ins 


THE NUCLEIC ACIDS 


The Biochemistry of the Nucleic Acids 
By Prof. J. N. Davidson. Second edition, revised. 
(Methuen’s Monographs on Biochemical Subjects.) 
Pp. viii+200+4 plates. (London: Methuen and 
Co., Ltd.; New York: John Wiley and Sons, Inc., 
1954.) 10s. 6d. net. 

LTHOUGH the nucleic acids have been investi- 

gated for more than eighty years, it is only 
comparatively recently that their true biological 
importance has been appreciated. Early work in the 
old tradition of organic chemistry appeared to have 
established that the nucleic acids were simple in 
structure and probably only two in number, and, as 
@ consequence of this, there was little incentive to 
study the nucleic acids from the point of view of 
their possible biological specificity. This is the state 
of relative stagnation which is reflected in the 
classical monograph of Levene and Bass, published 
in 1931. For years following this, work on the 
nucleic acids was largely confined to observation of 
the quantities present in various tissues, both from 
@ macroscopic and a microscopic point of view. 

In 1944, however, the phenomenon of pneumo- 
coccal transformation was discovered by Avery, 
McLeod and McCarty to be due to a deoxyribonucleic 
acid, an observation suggesting that, in fact, the 
nucleic acids did have biological specificity of a high 
order. A structural basis for this followed a few years 
later, when chromatographic analysis revealed that 
the nucleic acids are not only very complex in 
structure, but are also very numerous and varied in 
composition according to their source. Since that 
time many instances of nucleic acids possessing 
biological specificity have been discovered, and this 
has revolutionized the whole approach to the subject. 

Progress in the field is at the moment extremely 
rapid, and it is inevitable that any book covering 
the subject will be out of date in some respects. ‘The 
second edition of Prof. J. N. Davidson’s monograph, 
however, covers most of the recent developments, 
much of the text having been rewritten, and 4 
number of errors and omissions in the first edition 
have been rectified. It is remarkable how many of 








174 


1 from 
‘or the 
racted 
(167]- 
trines, 
n they 

same 
and of 
 man- 
wards, 
> this, 
id was 


bridge 
ok in 
ation, 
lishers 
which 
ntries 
it -day 
nable 


INS 


vised, 
ects.) 
and 
Inc., 


vesti- 
only 
ical 
2 the 
have 
le in 
d, as 
re to 
w of 
state 

the 
shed 

the 
n of 
from 


umo- 
ery, 
cleic 
the 
high 
ears 
that 
c in 
d in 
that 
sing 
this 
ct. 
nely 
ring 
The 
sph, 
nts, 
d a 
tion 
y of 





no. 4428 September 11, 1954 


the references are to papers published since the first 
edition of this book, and the author is to be con- 
gratulated on the wide field which he has covered. 
There are, perhaps, places where the old has not 
given due place to the new. For example, although 
the recent structures, based upon the X-ray work 
done in King’s College, London, are mentioned, 
considerable space is devoted to a minute examination 
of work which these investigations have made 
obsolete. Again, Fig. 6.3 may convey little to those 
unfamiliar with the theory underlying microspectro- 
photometry, while to students of instrumentation it 
will appear delightfully old-fashioned. 

A minor criticism is that the space devoted to the 
work being done on the nucleic acids of micro- 
organisms is rather restricted, because it is in this 
field that the most exciting recent developments have 
appeared. The work of Hershey and his colleagues 
is of such fundamental importance that it deserves 
to be dealt with at length, while the related and most 
exciting subject of bacterial transduction is not 
m€ntioned. In fairness it should be stated that this 
is one of the few omissions in an excellent and 
inexpensive text-book, and it will, no doubt, be 
remedied in the next edition, for there will certainly 
be a next edition. 

The references are now grouped at the end of each 
chapter, an alteration which is a great improvement 
on the arrangement in the first edition, because this 
book, while covering the subject adequately for the 
general reader, will also be found to be an excellent 
guide to further reading. Roy MARKHAM 


SUPERCONDUCTIVITY 


Superconductivity 
By Dr. D. Shoenberg. Second edition. Pp. x +256. 
(Cambridge Monographs on Physics.) (Cambridge : 
At the University Press, 1952.) 30s. net. 

ORE than forty years have now elapsed since 

Kamerlingh Onnes discovered superconduct- 
ivity; but in spite of the large volume of experi- 
mental material which has since come to hand, the 
phenomenon remains as enigmatic as ever. Indeed, 
all recent attempts at theoretical explanation have 
served to emphasize the difficulties which stand in 
the way of a satisfactory explanation. Of late, and 
particularly since the War, the number of cryogenic 
laboratories has greatly increased and a new genera- 
tion of low-temperature physicists has grown up. To 
them much of the experimental work on super- 
conductivity is historical fact rather than personal 
experience. The new edition of Dr. Shoenberg’s book 
is therefore a most welcome aid for all working in the 
field and in particular for those students who wish 
to specialize in low-temperature research. 

The first edition of the book, published in 1938, 
had become the standard work of reference on the 
subject of superconductivity ; but the rapid growth 
of the subject has necessitated re-writing rather than 
& revision. This is best shown by the increase to 
more than twice the volume of the first edition. The 
lay-out of the book, too, has been somewhat changed 
to allow a better grouping of the subject-matter. 

The introduction, which briefly lists the essential 
facts of superconductivity, is followed by a chapter 
on the magnetic properties of macroscopic super- 
conductors. These and the subsequent chapter on 
the thermal properties roughly follow the lines of the 
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first edition with the inclusion, however, of many 
new results and with some more detailed treatment 
of the old material. The new survey of the work on 
heat conductivity and thermo-electric effects will be 
especially noted. The separate chapter on alloys at 
the end of the first edition has now been incor- 
porated in the general discussion of macroscopic mag- 
netic effects, with a short mention of their thermal 
properties under the respective headings. 

The next two chapters on the intermediate state 
and on the penetration of a magnetic field into the 
surface of a superconductor are quite new. These 
researches had only just been started at the time of 
the first edition, and it is here where most of the 
experimental progress has been made. A good deal 
of this progress is due to Dr. Shoenberg’s own work. 
Writing with this unique qualification, he has pro- 
duced a well-balanced and extremely clear account 
of a difficult and somewhat involved subject. Also 
new is the final chapter, on the theoretical aspects. 
The main emphasis is placed on the phenomeno- 
logical theories of F. and H. London and on the 
two-fluid model of Gorter and Casimir, while the 
‘fundamental’ theories of Heisenberg and of Fréhlich 
and Bardeen are briefly discussed in the closing 
paragraph. Considering the rudimentary state of 
these latter attempts and the success of the phenom- 
enological models, this choice of emphasis must 
appear, at the present state of affairs at least, fully 
justified. Where one may perhaps not follow the 
author quite so whole-heartedly is in his optimism 
regarding a speedy solution of the fundamental 
problems and in his enthusiasm for the latest refine- 
ments of the phenomenological treatment. However, 
this should be regarded as a difference in tem- 
perament rather than as a serious criticism of the 
book. 

It is rare for a reviewer to find so little fault with 
a book and to be able to recommend it so fully as 
in the present case. Whether one wishes a student 
to familiarize himself with the subject, or whether 
one wants to refer to a particular point in the dis- 
cussion of research, Dr. Shoenberg’s book will prove 
equally useful. Whether one looks at the text, or 
the data in the appendix, or the references to original 
work, the same care and competence is everywhere 
apparent. It will be indispensable to anyone dealing 
with the subject of superconductivity. 

K. MENDELSSOHN 


PHYSIOLOGY OR META- 
PHYSIOLOGY ? 


Chemical Physiology of Contraction in Body and 
Heart Muscle 

By A. Szent-Gyérgyi. Pp. xx+135+3 plates. (New 

York: Academic Press, Inc.; London: Academic 

Books, Ltd., 1953.) 4.80 dollars. 


ROF. A. SZENT-GYORGYI, in the foreword to 

his latest book on muscle, says that he will “try 
to tie the facts together” and “talk in a language 
understandable to the average biologist, stressing 
outlines more than details”. The average biologist, 
however, will need to be extremely alert to distinguish 
“facts” from ‘‘outlines’”’ and vice versa ; for the author 
is prolific in speculations which are built very skil- 
fully, one upon the other. This discursive way of 
writing has the virtue of stimulating the reader 
acquainted with the fundamental data; but it is 
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liable to lead others less knowledgeable into a veritable 
no-man’s-land of hypotheses which William of Occam 
says should not be multiplied beyond necessity. 

The book is divided into three parts. Part 1 opens 
with a discussion of the structure of myosin in terms 
of the sub-units, Z- and H-meromyosin, obtained by 
short digestion of myosin with trypsin. The heavier 
of the two (H) possesses the adenosine triphosphatase 
activity and actin-combining ability of the parent 
molecule, where the lighter (Z) is held to be responsible 
for the contractile properties of the actin-myosin 
system. On the basis of these findings, it is deduced 
that the intact myosin molecule is made up of two 
terminal H-units linked covalently to four L’s in 
series ; but, although the arithmetic by which this 
conclusion is reached is sound in itself, it cannot be 
considered proved in the absence of accurate data on 
the degree of hydration and the relative proportions 
of the two components. Nevertheless, this structure 
is used as the cornerstone in erecting the far more 
elaborate edifice of the protofibril. Again, the 
arithmetic is without blemish. 

The structure of the protofibril established, the 
author proceeds to dilate on its contractile properties 
in terms of ‘autones’, hypothetical subunits of acto- 
myosin which react with one molecule of adenosine 
triphosphate only. - Relaxation is treated first,. in 
terms of the recent finding that muscle-fibre models 
will relax in the presence of adenosine triphosphate, 
creatine phosphate, magnesium ions and an enzyme 
capable of transferring phosphate from creatine 
phosphate to adenosine diphosphate. In this system 
relaxation occurs only if the pH is below 6-5; above 
this pH the fibres contract, and this also occurs on 
addition of calcium ions. Without more ado it is 
assumed that this system operates in vivo, although 
the necessary changes in pH in the buffered system 
of intact muscle would require an amount of acid or 
base very much larger than that suggested by the 
author. Moreover, an alternative has already been 
proposed by Marsh, who discovered a factor which 
induced relaxation in the presence of adenosine tri- 
phosphate only, without the intervention of a large 
change of pH or of creatine phosphate. The prop- 
erties of this factor have lately been confirmed by 
Weber and by the present reviewer. 

It is implicit in Szent-Gyérgyi’s scheme of relaxa- 
tion that adenosine triphosphate should be split to 
adenosine diphosphate during contraction, since 
otherwise creatine phosphate would be without 
effect. However, in a later chapter, splitting is con- 
sidered to occur only in the phase of relaxation, 
whereas the energy for contraction is imparted as 
free energy by the adenosine triphosphate molecule 
without change in its structure. The meaning of this 
concept is not clear and, moreover, appears to con- 
flict with Weber’s findings that splitting and con- 
traction go hand in hand, whereas relaxation occurs 
only when splitting is mhibited—for example, by 
salyrgan or by the Marsh factor. Again, it is evidently 
considered that this transfer of free energy is an 
endothermic process, whereas Hill has shown con- 
clusivély that contraction is entirely exothermic, as 
would also be expected from Weber’s findings. 

Part 2, a study of heart muscle, mainly describes 
the ‘staircase’ effect and the action of various sub- 
stances upon it. Many of the findings are well known. 
As intact heart muscle is used, the added substances 
must exert their effect primarily on the cell mem- 
brane and not directly on the contractile proteins, as 
is the case with glycerinated psoas-muscle fibres. 
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For this reason, it does not seem possible or profitable 
to compare the two systems directly. 

Part 3 is entitled “Interpretations” and includes 
some new speculations on the nature of the con. 
duction of the nervous impulse. It is noteworthy 
that the ‘continuum theory’ of muscle, which was a 
prominent feature of the author's earlier books, has 
been omitted entirely here. 

The book contains several typographical errors, of 
which the most glaring is the use of the words 
‘isometric shortening’ when ‘isotonic’ is clearly 
intended (pp. 55-56). In conclusion, the student and 
the ‘average biologist’ should again be warned that, 
although the book is fascinating and forthright in its 
statements, it ‘ties together’ only a limited number 
of facts and fails to take into account much important 
work by other schools ; as the author himself says, 
it is certainly not a comprehensive and exhaustive 
review. J. R. BENDALL 


AN ITALIAN TEXT-BOOK OF 
ZOOLOGY 


Trattato di Zoologia 
Da Umberto D’Ancona. Pp. xxiv +1102+1191 Figs. 
(Torino: Unione Typografico-Editrice Torinese, 
1953.) 10,500 lire. 

HIS text-book is intended to meet the require- 

ments of a two-year university course in zoology 
for students in natural science. It is divided into two 
quite separate parts. The first part (pp. 1-438), sub- 
divided into five sections, is a general introduction 
to animal function in its widest sense. It starts with 
a short definition of the science and its main branches 
and then gives an epitome of its history from classical 
to modern times. The second section treats of living 
matter and vital functions, and while, in a way, this 
is based on cytology, it must be understood that it 
includes the physical, chemical and physiological 
activities of protoplasm. The third section deals with 
the functional organization of the animal body, and 
here again, while histology and early embryology 
play an essential part, the functional and comparative 
aspects are stressed. Thus, under light perception, 
we find discussed the eyes of Turbellaria, a gastropod, 
Nautilus and a “higher cephalopod”, an insect and 
a teleost. Section 4 is concerned with genetics and 
evolution, the various aspects of which are dealt with 
adequately for the non-specialist. The last section 
discusses the relationships of animals to the world 
and to one another, ecology, zoogeography, applied 
zoology, migration and human industries based on 
animals, etc. 

The second part (pp. 441--1019) is a survey of the 
sdaunificntion of the animal kingdom in a formal, 
group-by-group manner. Then follow a full biblio- 
graphy, author index and subject index (pp. 1049- 
1102). Possibly the first thing that would strike 4 
reader in Great Britain familiar with the traditional 
text-book is the almost entire absence of comparative 
anatomy. Under mammals, for example, there is the 
diagram of the alimentary canal of a herbivore (with 
no buccal cavity), a diagram of the heart of a mammal, 
and again another of the male reproductive organs. 
Nowhere does the student get an overall picture of 
any one of the higher animals, and the diagrams just 
mentioned are not based on any particular animal 
but are purely schematic. There are some curious 
omissions; for example, while Latimeria is illus- 
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trated, there is no reference to the work of Stensio 
and his school, so essential to an understanding of 
the early fishes, and there is no mention of the pre- 
and exo-erythrocytic stages of the malarial parasite 
necessary to the comprehension of the disease. 

It is possible to find slips and errors ; but for one 
author to have accomplished so exacting a task is a 
matter for congratulation, and any reader will be 
struck by the large amount of information it contains. 
The illustrations are all good, but some deserve 
special notice ; these are a number of original figures 
of fishes and a number of very pleasing sketches of 
living marine animals made in the Naples aquarium. 


TEXT-BOOK OF BIOCHEMISTRY 


Textbook of Biochemistry 
By Prof. Edward Staunton West and Prof. Wilbert 
R. Todd. Pp. x+1,345. (New York: The Macmillan 
Company, 1951.) 90s. net. 


HIS text-book will be welcomed by many 

teachers who have sought a comprehensive 
modern treatise suited to the needs of students 
taking an advanced course in bivchemistry. Its 
most outstanding feature is the amount of detailed 
experimental evidence which the authors give 
throughout the book. This is particularly well done 
in the chapters on intermediary metabolism, which 
provide a very adequate and balanced account of 
this intricate subject. It is apparent that the authors 
have made every effort to bring this section up to 
date, even to the extent of inserting several pages on 
coenzyme A after the rest of the book had been 
printed. In a few of the earlier chapters, the informa- 
tion is obviously of less recent origin; but this will 
no doubt be put right in a second edition. Most of 
the detailed information given in the book is fully 
documented by numerous references to original 
papers and, wherever possible, the existence of recent 
reviews is also indicated. In addition, the intro- 
ductory chapter of the book encourages the student 
to do his own exploration of biochemical literature 
by providing an excellent guide to the main journals, 
reviews and books (dates of publication and editions 
are omitted from the books) in which articles of 
biochemical interest are to be found. 

In dealing with text-books of this scope, there are 
bound to be differences of opinion about what should 
be included. The inclusion of a good deal of physical 
chemistry at the beginning is fully justified, but it 
seems a pity that such a comprehensive book should 
not devote at least one chapter exclusively to plant 
biochemistry (there is @ section on photosynthesis 
under carbohydrate metabolism), and another to the 
biochemistry of bacteria and fungi. No doubt 
limitations of space and the anthropocentric interests 
of medical readers dictate these omissions, but the 
type of reader to whom this text-book will prove 
most useful needs as broad an outlook as possible. 
There are also fewer figures and drawings than one 
might expect in a book of this size; this is par- 
ticularly noticeable in the case of those illustrations 
which have been found perennially useful in the 
teaching of students, such as diagrams of the appar- 
atus used in determinations of energy metabolism. 
A curious feature of the section of protein chemistry 
is the omission of any reference to paper partition 
chromatography, although six pages are devoted to 
other methods of separating amino-acids. 
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In general, however, this book represents a remark- 
able assimilation of biochemical knowledge on the 
part of the two authors, and they are to be con- 
gratulated on producing an advanced text-book of 
such quality without resorting to the technique 
of multiple authorship with its attendant. loss of 
continuity. H. N. Munro 


A. W. CONWAY: SELECTED 
PAPERS 


Selected Papers of Arthur William Conway 
Edited by Prof. James McConnell. Pp. viii+222. 
(Dublin: Dublin Institute for Advanced Studies, 
1953.) 21s. net. 


RELAND has been the birthplace of several great 
mathematical physicists—above all, Sir William 
Rowan Hamilton. For a long time they were mostly 
at Trinity College, Dublin; but towards the end of 
the nineteenth century tk » torch passed to University 
College, Dublin, the staft of which included A. W. 
Conway and J. A. McClelland. This selection of the 
most important of Conway’s papers has been edited 
by Prof. J. McConnell and published by the Dublin 
Institute for Advanced Studies, which was founded 
on the advice of Conway by his former pupil, Mr. de 
Valera. It is preceded by the twelve-page obituary 
notice written for, the Royal Society by Sir Edmund 
Whittaker, which contains a detailed analysis of 
Conway’s researches. 

The first paper reproduced and several later or °3 
concern the classical electromagnetic equations and 
the point electron, which is regarded as a moving 
singularity of the differential equations. The use of 
contour integration to calculate the field is particularly 
striking. This work on moving electrons led on 
naturally to the study of the origin of spectra. 
Conway’s paper of 1907 was the first to break away 
from the old idea that the spectra corresponded to 
the natural periods of oscillation of the atom, though 
it fell short of the much greater advance made by 
Bohr six years later. In 1913 Conway returned to 
the problem. He had not yet accepted the point of 
view of Bohr’s paper, published a few months earlier, 
and tried to utilize J. J. Thomson’s suggested model 
of the atom. However, in later years Conway finally 
accepted the Rutherford model of the atom, as used 
by Bohr, and published papers on these lines dealing 
with non-central forces and with some discrepancies 
between experiment and theory in the helium 
spectrum. He also treated the helium problem by 
Schrédinger’s wave mechanics. 

The heavy task of editing (in collaboration with 
Profs. J. L. Synge and A. J. McConnell) Hamilton’s 
collected papers on optics and dynamics, many from 
previously unpublished manuscripts, led Conway to 
extend some of Hamilton’s work. He showed that 
the Hamiltonian principal function can be obtained 
immediately from a complete integral of Hamilton’s 
partial differential equation. The last four papers in 
this selection apply Hamilton’s quaternions, for which 
Conway had long cherished a great admiration, to 
relativity and quantum mechanics. In particular, he 
used quaternions to replace matrices in the study of 
Dirac’s relativistic wave equation. Thus his last 
paper, in 1948, may be considered as the natural 
development of his first work, the essay on quaternions 


written for a junior fellowship in 1900. 
H. T. H. Praceto 
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Thermionic Valves 

Their Theory and Design. By A. H. W. Beck. Pp. 
xvili+570. (Cambridge: At the University Press, 
1953.) 60s. net. 


NE of the dangers besetting the competent mind 

has been well put in the “Hippolytus” of 
Seneca: ‘He who is able to do too much wants to 
be able to do more ...”. This is the impression 
gained on reading this book. The author presents 
the theoretical basis of valve studies by dividing 
the subject-matter into three parts: (1) thermionic 
emission; (2) electrons in fields of charged con- 
ductors; and (3) valve properties, with a bias 
towards microwave tubes, including travelling-wave 
tubes and magnetrons. 

There is admirable logic in this arrangement. 
Unfortunately, the author has not reached the high 
stage he has set himself, mainly through failure in 
adequate presentation at a uniform level. For 
example, in Part 1 the treatment of the Fréhlich— 
Wooldridge theory is not easy to follow; in Part 2, 
the chapters on ‘electron optics’ should be directed 
mainly to showing its relevance in valve design. In 
Part 3 the author shines best in dealing with the 
principles and theory of velocity modulation, bunch- 
ing effects of space charge, klystrons, frequency 
pulling and noise ; there is a good critical discussion 
on the usefulness of the Llewellyn theory, and also 
on the Brillouin steady-state conditions in magnetrons. 
Other topics dealt with include space-charge oscilla- 
tions and the radio-frequency field in the interaction 
space ; however, in many cases the diagrams require 
much fuller explanation. The final chapter on 
“Storage Tubes” seems out of place and could well 
have been omitted. 

On the whole, readers will gain most from dis- 
cussions on practical applications and limitations, in 
various parts of the text. These are generally good. 
One cannot help feeling that a more appropriate 
title would be ‘Source Book on Thermionie Devices’, 
for the text requires to be supplemented by con- 
siderable outside reading for full advantage. The 
bibliography given is ample and helpful for this 
purpose. L. JacoB 


Bakterien unter Hemmstoffwirkung 
Elektronenmikroskopischer Bildatlas. Von Dozent 


Dr. G. Bringmann. Pp. 16+Tafel 1-101. 
Wilmersdorf: Transmare-Photo, G.m.b.H., 
np. 

HIS electron-microscopic study of the action of 

inhibitors on bacteria is presented as a collection 
of a hundred and one unbound electron micrographs 
with a fifteen-page descriptive booklet. The booklet 
briefly outlines factors to be considered in inter- 
preting alterations of cellular appearance, techniques 
used in this study and the changes that cytological 
structures of bacteria undergo when acted upon by 
various antibiotics, chemical disinfectants and chemo- 
therapeutic agents. 

A large proportion of electron micrographs is 
devoted to the effects of penicillin on Bacterium 
proteus (Proteus vulgaris); some interesting micro- 
graphs of long filamentous cells and 1-forms arising 
in the penicillin-containing cultures are included in 
this part. Unfortunately, most of the electron 
micrographs of bacteria treated with the various 
agents have been taken at the stages culminating in 
extensive autolysis and degeneration of the cells. 
Thus little can be seen of the more immediate effects 


(Berlin- 
1954.) 
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of the drugs, etc., on the cellular organization. It is 
@ pity, too, that there are no shadowed preparations, 
as these would have shown more clearly any changes 
in the surface structures. 

However, this collection does show the gross cyto. 
logical alterations that many organisms undergo on 
exposure to antibacterial substances, and as such it 
has some value for illustration purposes. The col- 
lection would have little appeal to the experienced 
research worker in this field. M. R. J. Sauron 


Nature, Mind and Modern Science 

By Prof. Errol E. Harris. (The Muirhead Library of 
Philosophy.) Pp. xvi+456. (London: George Allen 
and Unwin, Ltd.; New York: The Macmillan 
Company, 1954.) 35s. net. 


N this well-written and attractive book, Prof. 
Errol E. Harris asks his readers to reconsider the 
almost nihilistic position assumed by many present- 
day philosophers. He rejects firmly but courteously 
the positivism of Wittgenstein and of Carnap, and— 
for different reasons—the historical views of Colling- 
wood. There are, for the author, certain basic 
philosophical problems which man can, in a finite 
sense, solve. The particular one most in question is 
the relation of mind to nature, and the inquirer is 
well conducted through the development of Greek 
thought and Renaissance Methodik to the general 
outlook demanded by contemporary physics. 

What perhaps is the most intriguing remark in 
the whole volume occurs on p. 14, where suspended 
judgment in the face of uncertainty is postulated. 
This is indeed nothing but a very practical—and 
welcome—application of Husserl’s ‘reduction’ or 
‘bracketing’. In almost the next sentence comes the 
confirmation that this supplies the place of the 
universal doubt of Descartes. There could be no 
clearer example than this of the epoché of phenomen- 
ology going into action. 

Whether one agrees with Prof. Harris’s main con- 
tention—namely, the existence of perennial philo- 
sophical problems—or not, this is assuredly a book to 
be recommended. F. I. G. Raw rns 


The Observer’s Book of British Birds’ Eggs 
Compiled by G. Evans. (The Observer’s Pocket 
Series.) Pp. 217. (London: Frederick Warne and 
Co., Ltd., 1954.) 5s. net. 


NOTHER book has been added to the famous 
little Observer’s Series. The eggs of 180 species 
are described with the utmost accuracy. Mr. H. D. 
Swain’s 154 coloured illustrations are excellent and 
will be a considerable help in field identification. 
Each egg is drawn to its natural size and accom- 
panied by a very useful text on the nest, nesting 
period and notes on the bird concerned. A foreword 
has been written by Philip Brown, secretary of the 
Royal Society for the Protection of Birds. He 
explains that a book about birds’ nests and eggs 
might be dangerous, for it might encourage people 
to interfere with nests and generally do more harm 
than good. But he goes on to say that everyone 
interested in birds likes to find a nest and that a 
book of this kind should help them, so that the 
good it will do will undoubtedly outweigh the harm. 
The eggs are classified in the Witherby order and 
not in the Wetmore order, which is now inter- 
nationally accepted. 
This book should be in every naturalist’s pocket 
when on his field excursions. Bruce CoLEMAN 
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THE HISTORY OF SCIENCE IN MODERN EDUCATION* 
By Dk H. HAMSHAW THOMAS, M.B.E., F.R.S. 


ORTY years ago, or more, students of the natural 
F sciences formed a comparatively small part of 
the student population of universities of Britain ; 
to-day a very different picture is presented. Men 
and women studying science, medicine, engineering, 
technology and agriculture are in the majority ; 
students of the arts faculties form only about 43 per 
cent of the total number of undergraduates. This 
means that a very large number of people with the 
best potential intellectual capacity devote them- 
selves each year to scientific or technological studies. 
Many of them should become leaders in thought and 
culture ; they should play a leading part in society 
and in politics, and they will have to help in guiding 
Britain in the difficult times ahead. 

A few years ago the University Grants Committee 
said in one of its reports, ‘““A University would, in 
our view, fail of its essential purpose if it did not, 
by some means or other, contrive to combine its 
vocational functions with the provision of a broad 
humanistic culture and a suitably tough intellectual 
discipline”. It seems to me to be a matter of con- 
siderable national importance that science students 
should be given that humanistic culture so that they 
may become effective and enlightened citizens in the 
days to come. 

Many of those who are in close touch with students 
are becoming increasingly uneasy about the results 
of modern specialization, especially in science. Does 
the study of natural science in our universities 
include any real education which will help pupils to 
understand their fellow men? Does it train them 
to form sound judgments about the things of every- 
day life ? Does it help them to live more happily in 
society ? 

Present-day science students have been specialists 
since the age of sixteen or earlier: they have a very 
limited knowledge of the world and of the behaviour 
of man, derived mainly from newspapers and the 
cinema screen: they know little real history, and are 
scarcely sensible of their debt to the past. Too often 
the student has a poor understanding of the meaning 
of words and of the implications which words can 
convey ; hence he is unable to appreciate poetry and 
good prose. He is quite at home with formule and 
equations—the shorthand of science—but is seldom 
able to write fluent unabbreviated prose and to 
express his thoughts in a way that is easily intelligible 
to others. Even his ability to think logically and to 
understand the philosophical foundations of his own 
studies is often weak. 

But we must not blame our students for these 
cultural deficiencies. They all must work extremely 
hard in endeavouring to learn and remember the 
vast body of information which is now presented to 
them, and which they are expected to understand 
and remember. Every branch of science has pro- 
gressed enormously during the past fifty years, and 
the schoolboy of to-day is taught about subjects 
which, in my time as an undergraduate, were recent 
discoveries on the confines of knowledge. Moreover, 
while the field of study has been steadily increasing, 
very little of the older material has been omitted. 
Our universities seem to take little heed of the fact 


*From the presidential address to the British Society for the 
History of Science, delivered on May 3. 


that the load placed on the science students is 
becoming, or has become, unbearable, and that this 
in its turn means a demand for more intensive study 
at school. 

The training now given to students of the natural 
sciences is generally planned, consciously or uncon- 
sciously, with a view to the production of professional 
scientists who will spend their lives at research or 
teaching. But in fact a considerable number of 
people do not reach the necessary standard and have 
to look for other posts. Many men and women in 
this class have undoubted ability ; they might become 
good administrators, works managers, journalists or 
business men, if their training were broader and less 
specialized. While the training of students is so 
detached from human affairs, they are seldom able 
or willing to embark on a career outside the limits of 
their own special subjects. For the same reason 
they are often unsuited to become really effective 
teachers in schools. The provision of some broad 
humanistic culture for the majority of university 
students is thus of importance both to the individual 
and to the community as a whole. 

We must consider what can be done to remedy 
the situation which I have outlined. What modi- 
fications can be introduced into the teaching in 
the universities and schools to give the science 
students a broader intellectual training? One sug- 
gested remedy is the postponement of specialization 
until the pupils’ minds are more mature, and the 
continuation of a study of a wide range of subjects 
up to or after entry into a university. I do not 
think this is a satisfactory solution of the problem. 
Some specialized study at school is valuable, even for 
those who will not go to a university ; it can bring 
a wonderful zest into the intellectual life of many 
students. It is also necessary for those who look 
forward to a career in science, or in other subjects, 
to have the opportunity of showing that they have 
the capacity to begin advanced education with good 
prospects of ultimate success. But when.a boy or 
girl has decided to embark on a particular course of 
study, all intellectual work which does not seem to 
be directly connected with the chosen field is regarded 
as a waste of time. The same consideration applies 
to students at the university, where the first-year 
undergraduate finds much new work to interest 
him and occupy his attention. The best method is 
not to impose a compulsory study of subsidiary 
cultural subjects but to widen our science teaching, 
so that it not only imparts information about the 
phenomena of Nature but also deals with the 
humanistic aspect of natural knowledge. If we can 
lead students to appreciate the way in which man’s 
concepts of Nature have been built up, telling them | 
of past failures as well as of successes, and revealing 
the personal characters of some of those who have 
worked in the search for knowledge, we should make 
them better scientists and at the same time illustrate 
the social and human aspects of their studies. All 
this can be done by the institution of well-planned 
courses in the history of science. 

In speaking of the history of science I do not mean 
a mere knowledge of the names and dates associated 
with discoveries that have stood the test of time. In 
the first place, I should draw no hard and fast line 
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between the history and the philosophy of science. 
Science is still in essentials ‘natural philosophy’, 
though the old name is now seldom used. The 
present-day search for the principles of things can 
searcely be understood without reference to its 
history. Most young scientists need some philo- 
sophical training, and we have evidence at Cambridge 
that many of them find their introduction to 
philosophy most fascinating. This is an age when 
few specialists have had a philosophical training, and 
when non-specialists are unable to understand the 
language or details of many scientific subjects. 

Some tentative suggestions may be made as to 
the kind of teaching which might lead to a broader 
humanistic outlook. First, we might hope that 
@ general survey of the history of scientific effort 
would give the student some idea of his own position 
in the world by reference to the past. The story 
of the empirical quest for knowledge, extending far 
back before our era, should not be passed over 
lightly. The discovery of the methods of extracting 
metals, of curing hides, of making pottery and 
raising crops and stock, represent substantial scientific 
achievements by primitive peoples. Still more 
remarkable were the abilities shown by the ancient 
Egyptians in fashioning and using stone on a scale 
that has never since been equalled, as well as in the 
construction of buildings, i mechanical problems, in 
dyeing, weaving, wood and metal working. 

A concise account of Greek thought and culture 
and of the civilization of the Hellenistic age seems 
essential. The world owes so much to the Greeks 
that one who is ignorant of the main facts about 
Greek civilization and thought can scarcely claim to 
be educated. Some teaching about the philosophers, 
scientists and medical men of classical times would 
provide a means of introducing students to the life 
and thought of the ancients, and of showing how 
mathematics, mechanics, astronomy, medicine and 
systematic scientific thought found their early 
expression. 

The organization of society in Greece and Rome, 
which is so closely linked with early scientific pro- 
gress, is a topic through which an outline of the 
political history of Europe can be approached. I do 
not suggest the study of more political history than 
is necessary as a background for the consideration of 
the progress of civilization and the movements of 
thought. Of course, at many points after the sixteenth 
century the history of science becomes much linked 
with political events, and can scarcely be understood 
without reference to them. But battles and treaties, 
the struggle of men for the domination of govern- 
ments, and much of the detail usually taught in 
ordinary courses on history need little attention. 
The history of science is essentially the study of the 
growth of ideas. The successive views on the nature 
of things, both living and non-living, should be 
followed. The factors which led to the formulation 
of these views should be examined, and especially 
the relation between experiments or observations 
and the opinions current at the time when these 
were made. 

Some historians of science pay little attention 
to the erroneous hypotheses widely held at certain 
periods. But for the more mature students the study 
of theories like that of phlogiston or of the impon- 
derable fluids may, I think, be very instructive. I 
often wonder what I should have thought about 
phlogiston had I been living at the end of the 
eighteenth century. 
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Of the general educational value of history ther 
can be no doubt. The modern biological study of 
organisms in Nature shows clearly how present-day 
populations owe their existence to events and changes 
in the past. Scientific thinking should make us mor 
and more conscious of the fact that we cannot under. 
stand man, his societies and his social systems withou, 
reference to history. Most boys and girls are taught 
some English history at school ; but it seldom include 
enough social history or references to changeg jy 
thought and technical skill. Some knowledge of the 
past and of the ways in which men have acted unde 
different situations is also, I think, of the greates 
value to all of us to-day when? we have to face the 
complex problems that arise in both public and 
private affairs. 

This reflexion leads to a consideration of what js 
probably the greatest deficiency in the education of 
the young scientist. How much does he know of 
human beings, their motives and desires, their hopes 
and fears, their affections and hates ? Students of 
the classics, of literature, history and law become 
well aware of the complex nature of human per. 
sonality and of its wide variety ; but the scientist 
often seems to think that all men in the world have 
minds that work like his own. He does not realize 
the power of the more primitive human instincts, of 
racial and social background, and of early training. 
He is thus surprised or disappointed when other 
people do not act in the way in which he thinks they 
should behave. Some people appear to regard men 
as they would substances or organisms in an experi- 
ment, where an alteration of environmental con- 
ditions is expected to produce a predictable response. 
Human beings, however, seldom react in that way. 

We may not be able to give our students very 
much insight into human personality ; but through 
the history of science we may, at least, make him 
aware of the different ways in which some people 
have thought and acted in the past. The story of 
the lives of well-known scientists provides a con- 
siderable fund of material from which the develop. 
ment of character and the influence of personality 
can be illustrated. I think that writers and teachers 


might well pay more attention to the selection of | 
biographical details to bring out the character, good | 
or bad, strong or weak, of the people they describe. } 
We can find among our records plenty of interesting | 
human stories, showing love and affection, jealousy | 
and hate, perseverance in the face of adversity, ¥ 


triumph and tragedy. 


An entirely different aspect of our problem con- 


cerns the training of the young scientist in the use 
of his native language. So much of his written work 


is done in the form of tables and diagrams, graphs | 


and formulz, and so little in the form of connected 
prose, that one hears constant complaints about the 
inability of the young graduate to express his thoughts 
in a way that is readily intelligible to others. It may 
be that similar criticism may be made of the abilities 
of some arts students ; but to-day, more than ever, 
the scientist should be able to express himself in 
language that can be generally understood. 

While I do not think that a gulf exists between 
the scientists and the non-scientific public in Britain 
to-day, as is said to exist in the United States of 
America, there is considerable risk that one may 
develop in the future. Although we have some first- 
rate scientific journalists and broadcasters, there is 
also a tendency, not without foundation, to regard 
the scientist as the ‘back-room boy’ who knows little 
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of the world around him. This may become more 
pronounced if our young scientists are unable to tell 
about their work and ideas in a way that the ordinary 
man can understand. To remedy this, I can only 
suggest that our pupils should be encouraged to read 
more books in good connected prose, like those on 
history and philosophy, together with some selected 
works by scientists well known for their prose style, 
and that they should be encouraged to try to imitate 
that style. 

There is also much to be said for the study of 
some complete book or paper of outstanding im- 
portance, with special reference to the way in which 
the subject is presented, the evidence is brought 
forward, and the conclusion reached. 

Many school and university teachers will have a 
short reply to what I have been saying. They will 
point out that young scientists have already more 
than enough to learn, and that they have no time to 
spare for the kind of instruction I have suggested. 
This, without doubt, is perfectly true at the present 
time; but the day must soon come when every 
British university is forced by the accumulation of 
knowledge to revise its science-teaching and to make 
radical changes. Those responsible must face the 
problem of whether teaching or education is to be 
the first consideration. When this revision comes I 
hope that it will enable science students to devote 
some time throughout their education to the history 
and philosophy of science, so that they may obtain 
a good measure of humanistic culture, and will not 
tend to become cut off from the intellectual interests 
of their fellow students. 

This brings me to another aspect of my subject, 
the value of the history of science to those who are 
not science specialists. In the past, a knowledge of 
the phenomena of Nature was considered quite un- 
necessary in the education of those who would not 
become medical men or science specialists. For a 
long time the part played by the scientific revolution 
of the seventeenth century in altering the currents 
of man’s thought and in improving his material 
environment was clear to those who cared to think 
about it. But it received little attention, and the 
practical results which followed and which led to 
great improvements in our health, food, housing, 
transport and communications were taken as matters 
of course. To-day, most educated people have sud- 
denly awakened to the fact that the discoveries of 
science have brought about the most profound 
change in human affairs that the world has yet seen, 
at least since the discovery of metals. No longer 
can young people be brought up in complete ignorance 
of modern science. But this does not mean that they 
can or should be taught chemistry and physics to 
enable them to understand the process of atomic 
disintegration, or learn physiology and genetics for 
the explanation of blood transfusion. What I think 
is needed is a general picture of how man’s knowledge 
of Nature has come about, and what have been the 
results of this knowledge. In several schools a suc- 
cessful attempt is being made to inform pupils, by 
teaching the history of science, of the ways in which 
discoveries have affected men’s lives. The historical 
approach enables the more important contributions 
to knowledge to be linked into a connected story. 
At the same time, it enables many inventions and 
principles to be understood by reference to the way 
in which they have developed from simple beginnings. 
Thus the early experiments of Faraday on electro- 
magnetic induction are not difficult to understand, 
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and when these are known the principle of the 
modern dynamo can be explained. By this mode of 
study much can be done to show the way in which 
biological and medical knowledge has altered the lives 
of the people of the world, and, may I add, to direct 
attention to the unacknowledged debt of the inhabit- 
ants of Asia and Africa to the labours of European 
and American scientists. This study will also stress 
the importance in our lives of vaccination and in- 
oculation, the dangers of bacterial and virus infection, 
and the value of hygiene. In these days when so many 
people are terrified by reports of atomic weapons, 
there is in some minds a feeling that the progress of 
discovery in the world of Nature is to be regretted ; 
scientists are only regarded as the authors of horrible 
contrivances. How important it is to show the 
manifold ways in which everyone has benefited from 
the labours of the investigators of Nature. 


INTERNATIONAL PEAT 
SYMPOSIUM 1954 


HE first International Peat Symposium was held 

in Dublin during July 12-17 under the auspices 
of Bord na Mona—the statutory corporation set up 
in Ireland to develop the peat resources of that 
country. It was attended by more than two hundred 
delegates from nineteen countries, and sixty-nine 
papers by delegates from thirteen countries were 
discussed. Nations as far apart as the United States 
and Malaya were represented; but one large peat 
producer—the U.S.S.R.—was absent. However, its 
near neighbour, Finland, was well represented, as 
were the Scandinavian countries and Austria. 

The reason for this widespread interest in peat 
varies. In Ireland it is its immediate use as a fuel, 
followed by the reclamation of the bog for agriculture 
and afforestation. Elsewhere it may be the con- 
servation of native fuel for use in an emergency, or 
even the employment of evacuees. Whatever the 
reason, there is no doubt that interest in peat is 
more intense now than formerly. In the past it was 
stimulated by war-time conditions, when other fuels 
were difficult to obtain, and tended to flag in peace- 
time. At the present time, economic conditions are 
such that in some regions peat can compete with 
other fuels on a calorific basis, particularly when 
modern methods of production and utilization are 
used. This has led to more research and development, 
which in their turn have resulted in further improve- 
ments in methods and still greater incentives to use 


t. 

The scope of the conference covered a wide field, 
including the initial survey and classification of 
resources, the winning and preparation of the raw 
material, its utilization in all types and sizes of 
equipment and, finally, land reclamation. 

It was noteworthy that at every stage the dis- 
cussion was dominated by the same characteristic 
properties of the material, particularly the large 
weight and volume of raw material required to pro- 
duce a given quantity of dry peat substance, its 
variable composition, and, above all, its high moisture 
content. Their importance was made strikingly 
apparent during a visit by the delegates to typical 
peat bogs and power plants to observe various 
methods of winning and utilizing peat. 

This left the general impression of a long-drawn- 
out struggle against natural conditions requiring @ 
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series of huge machines systematically to traverse 
many miles of desolate open country and to handle 
vast quantities of difficult material only to produce 
in the end a disproportionately small output of 
useful heat or power. Taking actual figures, it is 
hoped that by 1960 it will be possible to remove 
about 90 million tons of material each year from the 
Irish bogs to generate about one and a half million 
megawatt-hours of electricity. In comparison with 
this, Battersea Power Station generates slightly more 
power from about three-quarters of a million tons of 
coal per annum. 

To estimate peat resources on @ national scale is a 
formidable task in view of the large areas involved 
(one-third of Finland and one-seventh of Ireland 
consist of peat bogs), and the need to take into 
account variations in bog depth and in the quality 
of peat in different areas and at different depths. 
Nevertheless, several countries have made compre- 
hensive surveys, the results of which were made 
available. One interesting suggestion which may 
reduce the cost and labour involved in future surveys 
was that surface vegetation can be correlated with 
the nature of the peat beneath it, and this will enable 
useful information to be obtained by relatively 
inexpensive aerial surveys. 

Although peat has many uses, for example, as 
moss litter and for horticultural purposes, its main 
value is as a fuel, and it was mainly discussed as 
such. In passing, it is interesting to note that peat 
is still won by hand and used for household purposes 
by the same methods as were described by Pliny 
nineteen centuries ago. On a larger scale, its winning 
and utilization are extensively mechanized ; but the 
conference made it abundantly clear that even now 
the methods employed have by no means reached 
finality. Thus the two power stations already burning 
peat in Ireland both use it in the form of machine- 
cut sods or turves; but Bord na Mona has now 
pinned its faith to granular peat won by a com- 
pletely different method—the milled peat process— 
and it is its present intention to produce one million 
tons per annum of sod peat, about half of which will 
be used for domestic and industrial purposes and 
about half for power production, plus 24 million tons 
of milled peat, most of which will be used for power 
production. 

Since this decision was made, new machinery has 
been developed which will reduce very considerably 
the amount of labour required in the preparation of 
sod peat, and this must materially affect the relative 
economies of the two processes, although not neces- 
sarily to the extent of reversing their former order 
of merit. 

Although mechanically very different, the funda- 
mental difference between the two principal methods 
of winning peat is in the provision made for partially 
drying the fuel. An undrained peat bog usually 
contains about 93 per cent of moisture, that is, more 
than 13 Ib. of water per pound of dry peat substance. 
Part of this moisture can be removed by drainage ; 
but even then the remaining moisture, say 90 per 
cent, is far too much to be removed by waste heat, 
and the nature of the peat is such that it cannot be 
removed by ordinary mechanical means. Recourse 
is therefore made to air drying, and the basic differ- 
ence between the two processes lies in the methods 
used to bring the fuel into contact with the air. In 
the sod peat process a strip about six feet wide and 
nine feet deep is cut from the previously drained 
bog and, after maceration, spread on the field to dry 


NATURE 


September 11, 1954 vo. 174 


in the form of sods about 12 in. long and 4 in. wide, 
It is then subjected to periodic turning and stacking 
and is eventually formed into a long pile in which jt 
is stored until required for use. In the milled peat 
process, a thin layer about half an inch thick js 
removed in granular form from the top surface of 
the previously drained bog by means of a toothed 
roller and is repeatedly brought into contact with 
air by harrowing and similar means. Both processes 
depend upon weather conditions, and on the average 
during the summer months there will be two harvests 
of sod peat and fifteen to twenty-five of milled peat, 

The seasonal nature of peat winning and its 
dependence on day-to-day weather conditions, com. 
bined with the remoteness of peat bogs from towns 
and their amenities, involve many labour and 
sociological problems which, though not discussed in 
detail, were obviously in the minds of the delegates, 
Some of these problems would be at least partially 
solved if some continuous method of drying could be 
evolved which would be independent of weather 
conditions and yet economic. 

Of the many methods which have been tried, 
osmosis has been found to be possible but not 
economic, and ‘wet carbonizing’ followed by pressing, 
though found wanting in the past, is still the subject 
of experiment. Another alternative is to use the 
Madriick process in which peat powder, previously 
dried down to about 12 per cent moisture, is mixed 
with wet peat and the mixture subjected to high 
sustained pressure; the suggestion being that the 
dried powder provides channels through which the 
water escapes while the peat is still under pressure. 
The moisture content of the final product is about 
80 per cent, that is, more than half the moisture is 
removed in the press. Experimental work with the 
Madriick process using specially designed presses is 
now being carried out in Britain by the Ministry of 
Fuel and Power. If this is successful and enables 
peat winning to proceed continuously throughout the 
year, it should greatly ease the future economic 
position with regard to both capital costs and labour. 

In the past, when peat. was considered only as an 
alternative to other fuels, it was almost invariably 
burned in appliances designed primarily for those 
other fuels and modified as little as possible to burn 
peat. There is now a greater tendency to develop 
special apparatus which takes advantage of the 
favourable properties of peat, such as its high 
reactivity, and minimizes the effect of adverse 
properties such as high moisture content and low 
bulk density. Modern apparatus also takes account 
of the high volatile content of peat and the high 
percentage of carbon dioxide in its distillation 
products. 

The two Irish power stations burning sod peat use 
more or less conventional chain grates with special 
pre-drying of the fuel by means of hot air; but the 
equipment to burn milled peat in the new stations 
will require further development work. Powdered 
peat has already been used for large-scale power 
production in the U.S.S.R.; but apart from this, 
experience is not available, unless it be assumed that 
peat can be burned efficiently by methods similar to 
those already used extensively on the Continent to 
burn brown coal. With this in mind, three German 
manufacturers were commissioned to design and con- 
struct three different boilers which will be used for 
gaining experience of burning milled peat in the new 
Ferbane power station. In these boilers either finely 
divided fuel will be burned in suspension after being 
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dried by hot gases while passing through a Kramer 
mill of the type used for brown coal, or, alternatively, 
the spreader-stoker system will be employed in which 
the original milled fuel is projected into the boiler 
furnace in such a manner that the finer particles are 
burned in suspension and the coarser particles fall on 
to a form of chain grate where their combustion is 
completed. 

The combustion of peat in small-scale equipment 
is equally the subject of experiment. Taking domestic 
heating as an extreme case, more economical methods 
of burning peat in the open fireplace have been 
devised ; but Bord na Mona recommends the use of 
closed stoves of special design, and ultimately com- 
pletely automatic mechanical operation. At the other 
extreme, large heating boilers are said to give good 
results when fitted with a furnace of Dutch design 
which consists essentially of a low-velocity cross- 
draught gas producer delivering gas into a combustion 
chamber, where it is burned with carefully controlled 
secondary air. The most promising device, however, 
would appear to be a modification of the downjet 
burner to burn broken sod peat in both domestic 
and small-scale industrial appliances. Its essential 
feature is that all the air for combustion is directed 
as a high-velocity jet upon the top surface of the fuel 
bed and it can be used over an exceptionally wide 
range of loads, giving a very high output per unit 
volume and per unit grate area, and complete com- 
bustion with very little excess air. 

The high moisture content of peat makes its 
possible use as a gas turbine fuel of special interest, 
first because the gas supplied to the turbine is neces- 
sarily at a low temperature in order to avoid over- 
heating the blades, and secondly a large quantity of 


exhaust gas is available at a temperature which 


permits it to be used for drying. In experiments 
with the open-cycle gas turbine carried out under the 
egis of the Ministry of Fuel and Power, the problem 
of feeding pulverized peat under pressure has been 
solved by the use of a fluid-bed feed in conjunction 
with a ‘coal pump’, and combustion does not appear 
to be too difficult. Problems of blade abrasion, 
corrosion and ash deposition in the turbine are, 
however, still unsolved, though under active investi- 
gation. In the closed-cycle gas turbine these par- 
ticular difficulties are avoided by using indirect 
heating and a clean working fluid, but the system 
involves more elaborate heat exchangers, including a 
large ‘air boiler’. A contract has been given for a 
2,000-kW. peat-fired closed-cycle set to generate 
power in the north of Scotland and an experimental 
750-kW. open-cycle set will be erected on the same 
site. 

Apart from its present uses, more or less in its 
raw state, serious consideration has been given to 
peat as a potential source of high-grade manufactured 
products. It has, for example, been found possible 
to extract from it a wax which may itself be con- 
verted into new plastics. Attention has also been 
given to the gasification of peat to make either water 
gas or synthesis gas, and Bord na Mona has examined 
&@ number of complete gasification processes as 
possible starting points for the manufacture of 
synthetic ammonia for conversion to fertilizers. 

Whatever the method by which peat is utilized, 
the final stage of exploiting peat resources must be 
the reclamation of the land, and most of the last 
two sessions of the Conference were devoted to this 
subject. In them it was evident that the best use 
which can be made of the land, whether for grass- 


NATURE 485 


land, arable land, or forestry, is a complex question, 
the answer to which depends upon many factors, 
such as drainage, acidity and existing vegetation. 
Much information is now available on this subject, 
but active researth into its many aspects still 
continues. T. F. Huritey 


OBITUARIES 
Prof. T. F. Dreyer 


Tuomas FREDERICK DREYER passed away suddenly 
on July 13, while discussing problems concerning 
Florisbad with his colleagues. For the past few years, 
in spite of severe set-backs to his failing health, his 
main interest was in trying to elucidate the many 
puzzling features which had been uncovered at the 
now world-famous site where in 1932 he had dis- 
covered the remarkable Florisbad human skull. The 
amazing wealth of archeological and paleonto- 
logical material from this site had been increased by 
the 1952 expedition of the National Museum, Bloem- 
fontein, and Prof. Dreyer was working against time 
in order to give his findings to the scientific world. 
Unfortunately, his death prevented him completing 
this research work. 

Dreyer was born in the Cape Province on May 7, 
1885, took his M.A. degree in the University of the 
Cape of Good Hope and the degree of D.Phil. cum 
maxima lauda at the University of Halle. After 
periods of study at Naples and in the United States 
and Australia, he served for a few years as entomo- 
logical officer in the South African Agricultural 
Department. In 1912, at the youthful age of twenty- 
seven, he became professor of zoology, and in 
addition for a short period professor of geology, at 
the Grey University College (later the University of 
the Orange Free State), a post which he filled with 
distinction up to his retirement in 1950. He had 
also been responsible for courses in archeology and 
bacteriology. He continued his research work at the 
National Museum, Bloemfontein, up to the time of 
his death. 

In addition to his brilliant career as professor of 
zoology in the University of the Orange Free State, 
he devoted much of his spare time—and money—to 
investigating, uncovering and describing some re- 
markable sites, three of which are of extreme scientific 
importance, namely, the Matjes River Shelter, the 
Kakamas area of prehistoric Hottentot graves, and 
Florisbad. These sites have contributed much, 
archeologically, anthropologically and palzonto- 
logically, towards clearing up the prehistory of South 
Africa. There are very few regions in South Africa 
which Prof. Dreyer did not investigate, and his 
remarkable and rich collection was presented to the 
National Museum, Bloemfontein, where it is now 
housed in the T. F. Dreyer Hall for Anthropology 
and Archeology. 

Those who passed through his hands as students 
or were fortunate enough to be associated with him 
in his research work bear only the kindest memories 
of a big soul. A great worker with boundless energy, 
he infected his associates with his enthusiasm and 
gave loyalty for loyalty. A doughty fighter, he could 
hit out hard during constructive arguments; but 
never allowed varying points of view to cloud his 
personal contacts. 

His interests extended beyond just his work and 
research. This is amply demonstrated in the variety 
of positions held during his career, including member 
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of the Bloemfontein Town Council, chairman of the 
Governing Council of the National Museum, chair- 
man of the Senate of the Grey University College, of 
the Senate of the University College of the Orange 
Free State, and chairman of the Senate of the 
University of South Africa. His interests extended 
to locust control, and he was also asked by the 
Provincial Authorities of the State to direct the 
investigation of freshwater fisheries in this province. 

As time goes on, the important contributions Prof. 
Dreyer has made to the archeological story of South 
Africa and to the study of prehistoric man in this 
region will be more clearly seen in their true per- 
spective and recognized for their importance. His 
collections have been on too great a scale for his 
personal complete description and publication, and 
will still be an important source for future research. 
Without them no true picture of South African 
prehistory is possible. 

We, who were privileged to be closely associated 
with Prof. Dreyer, know how severely he suffered 
during the past two years and daily were witness to 
mind triumphing over body. In spite of the physical 
drawback, his clear memory, fast-working brain and 
keen interest never flagged for a moment nor deserted 
him. He thoroughly deserved that much-desired end 
—to die in harness. A. J. D. MErrIne 


Tue passing of Prof. T. F. Dreyer has deprived the 
study of early man in South Africa of one of its 
acknowledged leaders, and his place will not be 
easily filled. 

Outside South Africa, Prof. Dreyer will be most 
widely remembered as the discoverer of the Florisbad 
skull, the most remarkable human fossil to be found 
in Africa since the Broken Hill skull. This discovery 
was a well-deserved reward for his intuition in 
selecting for thorough investigation the Florisbad 
mineral spring deposits with their wealth of archzo- 
logical and fossil mammalian remains. But his explor- 
ations in the Matjes River Cave and elsewhere also con- 
stitute notable contributions to our knowledge of man 
in South Africa from prehistoric to historic times. 

With a characteristic scorn for the compart- 
menting of knowledge, Prof. Dreyer pursued his 
studies simultaneously in the field of physical 
anthropology, Quaternary mammalian paleontology, 
archeology and even Quaternary geology and 
climatology. Such a broad approach, allied to the 
natural vigour and freshness of his mind, gave birth 
to original and challenging interpretations of his 
discoveries. However these may fare in the light of 
future increases in our knowledge, there can be no 
doubt that to the present generation of investigators 
in South Africa they have been a most valuable 
stimulus. 

Prof. Dreyer was not only distinguished in the 
field of research ; he was also an inspiring teacher. 
Moreover, as a senior professor his wide-ranging and 
lively intelligence did valuable service both within 
his own University and over the whole field of 
university and professional education in South Africa. 

The vigour with which Prof. Dreyer maintained 
his opinions might lead a casual reader of his writings 
to misconceive him as an acrimonious controversialist. 
To encounter him personally was to find him quite 
otherwise: courteous, kindly and charming. As 
human being as well as scholar, he will be remem- 
bered with honour and with affection. / 

L. H. WELLS 
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Prof. H. G. A. Hickling, F.R.S. 


Henry GEORGE ALBERT HICKLING, emeritus pro. 
fessor of geology in King’s College, Newcastle upon 
Tyne, died on July 26 in his seventy-second year, 
He was born on April 5, 1883, in Nottingham. His 
school education in that town was followed by three 
years private study in Scotland, where the rugged 
cliffs of Angus were to inspire him with the love of 
geology. He learned the fundamentals of this science 
from Prof. W. Boyd Dawkins in the University of 
Manchester. He graduated in 1905, and after two 
years further study and research he became in turn 
lecturer in paleontology and geology in 1907 and 
reader in geology in 1917 in Manchester. Owing to 
the absence in India of Prof. T. H. (later Sir Thomas) 
Holland during the First World War, Hickling was 
acting head of the Department. In 1920 he became 
professor of geology in Armstrong College (now King’s 
College), University of Durham, Newcastle upon Tyne, 
@ post which he held until his retirement in 1948. 

In 1934 he received the Murchison Medal from the 
Geological Society of London and in 1936 he was 
elected a Fellow of the Royal Society. In 1935 he 
presided over Section C (Geology) of the British 
Association. He also served on the Council of the 
Geological Society, on the Geological Survey Board 
and on the Fuel Research Board. 

His research was mainly in the fields of palo- 
botany, coal-measures tectonics and coal petrology. 
During his Manchester period he published papers on 
palzontology, and on the stratigraphy of the Old 
Red Sandstone of Angus, and a paper on the nature 
and origin of the Cornish china-clay, in which he 
advanced a new and original theory of its genesis. 
During the same period he made a detailed study of 
the tectonic structure of the Lancashire coalfield, a 
work published in 1924 as a coloured map of the 
underground contours of a single coal seam—the 
Trencherbone seam—supplemented in 1927 by a 
book, “‘Sections of Strata”. At a later date he applied 
the same method of mapping to the coal seams of 
the Northumberland and Durham coalfield (1950). 

Hickling’s most striking contribution to science, 
and the work for which he was best known, was in 
the field of the study of coal. Following on the 
pioneering work in Great Britdin of James Lomax on 
the micro-petrology of coal, Hickling’s first paper on 
this subject (Trans. Inst. Min. Eng., 1917), followed 
by @ paper on the chemical relations of the principal 
varieties of coal (ibid., 1927), opened up a series of 
publications by him and by his pupils on the micro- 
structure and on the chemistry of coal—a new and 
very important contribution to coal science, and one 
which received world-wide recognition. 

Hickling was very keen on local geology, and he 
was responsible for the preparation of accounts of 
the geology of Northumberland and Durham for the 
meeting of the Geologists’ Association in 1931 and 
for the meeting of the British Association in 1949. 
His interest in geology as a subject of popular 
education was already shown in his younger days 
when he published his book ‘‘Geology : Chapters of 
Earth History”, and right through his academic 
career he was very much appreciated as a popular 
lecturer. He was also interested in water supplies, a 
subject on which he was an acknowledged authority. 

This stark enumeration of facts will not convey to 
the generations of students, who revered and loved 
him, the Prof. Hickling they knew in the lecture 
room, laboratory and field and whose home was 
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always open to them. His clear logical exposition 
and the slow tempo of his speech, whether in lecture 
or conversation, made misunderstending impossible, 
and will be as well remembered as his rapid pace as 
a leader of field expeditions and his speed when 
driving. Despite his undoubtedly important original 
contributions to science, it will probably be as a 
teacher that most people will think of him. His 
teaching career, covering some forty years, belonged 
in the main to a period when mechanical aids were 
few and buildings and general equipment inadequate. 
In such circumstances the personality of the teacher 
wes oll in all and Prof. Hickling’s innumerable past 
students, many of them now famous themselves, will 
bear witness to his pre-eminence in this respect. 

His first wife (Gertrude Hermine Geiler), whom he 
married in 1910 and who died in 1952, was herself a 
medical doctor of distinction and a pioneer in the 
nursery-school movement, and she co-operated 
loyally with him. Together they built up a tradition 
of friendliness, with which, as with that of dis- 
interested scholarship, the name of Hickling will 
always be associated. S. I. ToMKEIEFF 


Dr. W. C. F. Shepherd 


WILFRED CHARLES FURNESS SHEPHERD, deputy 
director of the Safety in Mines Research Establish- 
ment, Sheffield, died suddenly at his home on 
July 19, in his fifty-second year. He had just returned 
from Germany after attending ean International 
Conference of Directors of Safety in Mines Research 
at Dortmund. 

From Manchestér Grammar School, in 1919, 
Shepherd joined the staff of the late Prof. R. V. 
Wheeler at the Home Office Experimental Station, 
Eskmeals, Cumberland, in research on means of 
minimizing risks of ignition or propagation of 
explosions of firedamp or coal dust in mines, and 
devoted the whole of his working life to this purpose. 
He became well known in all the mining countries 
of the world for his research on explosives; the 
much greater safety of mining explosives in use in 
coal mining to-day in comparison with thirty years 
ago is an achievement of research teams of which 
Shepherd became a leading figure. 

In his early years he was occupied with the ignition 
of methane by hot wires and the photographic study 
of movement of flame in gaseous mixtures in tubes, 
work related to the safety of electric and flame 
safety-lamps; but he soon joined the section, 
directed by the late W. Payman, engaged in investi- 
gations of the ignition of firedamp by mining 
explosives. Payman was applying schlieren photo- 
graphy to the study of the part played by pressure 
and shock waves in the ignition process and, in 1929, 
Shepherd was asked, under an arrangement for the 
exchange of staff, to work in the laboratories of the 
United States Bureau of Mines. Here he made his 
first friends among overseas research workers, with 
whom he maintained an active correspondence for 
the rest of his life. His year and a half’s study of 
the ignition of firedamp by explosives, by the 
schlieren method, was published in a Bureau 
Bulletin in 1932. On his return, he continued work 
on this subject ; many of his findings were of funda- 
mental interest. He published two papers in the 
Proceedings of the Royal Society. A notable con- 
tribution was the demonstration of quasi-detonation 
in methane—air mixtures under the influence of pro- 
jected hot particles. He studied the ignition of 
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gaseous mixtures by impulsive pressures produced 
by the bursting of diaphragms in shock tubes. He 
showed that surprisingly low pressures were sufficient 
to ignite mixtures of certain inflammable gases and 
oxygen and that ignition could even ensue from 
rapid expansion, that is when, for example, a 
methane-oxygen mixture under pressure in a tube 
was released into open air by the bursting of a 
restraining diaphragm at one end. This novel 
expansion-ignition phenomenon was the subject of 
a paper written shortly before his death. It was 
during this pre-war period that, with D. W. Wood- 
head, also in Payman’s group, he developed the 
instrument which became known as the Buxton 
rotating-mirror camera. 

During the war years Payman and his colleagues 
turned to work, under the Ministry of Supply, with 
military explosives, on problems relating to the 
detonation of shaped charges and the fragmentation 
of projectiles. The years 1940-45 were a period of 
intense activity and provided valuable experience in 
the development and application of new techniques. 
Shepherd’s inventive and orgenizing ability assisted 
the team in making important contributions to 
armament design. Most of the work necessarily 
remains unpublished. The work for the Ministry of 
Supply continued after the War, and at Payman’s 
death in 1946 Shepherd took over the direction of 
the team, and, at the same time, guided the re- 
establishment of the team devoted to research on 
coal-mining explosives. He initiated a long-term 
research programme and, as @ more immediate prac- 
tical contribution, in close collaboration with the 
explosives industry, he fostered the development of 
‘equivalent to sheathed’ mining explosives in place 
of the sheathed explosives which were falling short 
of the hoped-for standard of safety. He published 
with H. C. Grimshaw a number of papers on these 
new explosives that, before his death, were meeting 
a third of the United Kingdom requirements. 

From 1947 the responsibility for mine safety 
research was assumed by the Ministry of Fuel and 
Power, and the research of the Safety in Mines 
Research Establishment was expanded. Shepherd 
was promoted first senior principal scientific officer 
and then deputy chief scientific officer and became 
deputy director of the Establishment. He reteined 
his interest in explosives research, and in recent 
years assisted in initiating research on quite new 
methods of blasting, convinced that the problems of 
mining would not be solved by research directed 
solely to the study of the explosives. Prompted by 
the disastrous fire at Creswell Colliery, he directed 
the formation of a new team for fire research to work 
on mining problems in collaboration with the Joint 
Fire Research Organization of the Department of 
Scientific and Industrial Research, and he published 
two authoritative papers on fire prevention. At the 
time of his death he was engaged in planning an 
important new programme of research on flame 
propagation and explosion prevention for the Factory 
Department of the Ministry of Labour and the 
Department of Scientific and Industrial Research. 

His sudden death at the height of his powers is a 
serious loss to British mining research. Shepherd, 
though always modest and unassuming, was a man 
of much strength of character, who never spared 
himself throughout his working life. Many men in 


the world of mining both in the United Kingdom and 
in laboratories abroad will mourn his death. He leaves 
H. C. GrimsHaw 


a@ widow and one daughter. 
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NEWS and VIEWS 


New President of the British Association : 
Sir Robert Robinson, O.M., F.R.S. 


GENERAL satisfaction will be felt at the announce- 
ment that Sir Robert Robinson is to be next year’s 
president of the British Association for the Advance- 
ment of Science. Since 1930 Sir Robert has been 
Waynflete professor of organic chemistry in the 
University of Oxford, having previously served as 
professor of either chemistry or organic chemistry in 
the Universities of Sydney, St. Andrews, Manchester 
and London. He was awarded the Order of Merit 
in 1949 and holds the Longstaff Medal of the Chemical 
Society, and the Davy, Royal, and Copley Medals 
of the Royal Society, besides many foreign honours. 
He has already had a very notable experience of 
presiding over learned bodies, having been for two 
years president of the Chemical Society and for five 
years president of the Royal Society. Sir Robert’s 
extensive scientific work lies in the field of organic 
chemistry. His investigation of the constitution, by 
degradation and by synthesis, of the anthocyanin 
group of plant pigments is already classical, as is 
that on the constitution of several groups of alkaloids. 
He has made notable contributions to the synthesis 
of steroids. He was one of the first to apply the 
electronic theory of valency to problems of organic 
chemical reactions, and has offered an attractive 
picture of the biogenetic relations of naturally occur- 
ring plant substances. 


Research on Humane Vivisection : 
Dr. W. M. S. Russell 


UFAW (The Universities Federation for Animal 
Welfare), in association with the Animal Welfare 
Institute of New York, has appointed Dr. W. M. S. 
Russell as research fellow to study the history and 
progress of the introduction of humane techniques 
into experimentation on animals, with the view of 
assisting further progress. Examples of progress 
already achieved are the use of anesthetics in experi- 
ments involving operations, the reduction in the 
requisite number of animals by means of modern 
small-sample statistical theory, and in the assay of 
drugs the substitution of painless (for example, 
chemical) criteria for various criteria entailing dis- 
comfort. Dr. Russell, who will have the assistance 
of* a consultative committee, has had a brilliant 
career at Oxford and is the son of Dr. F. S. Russell, 
director of the Marine Biological Laboratory at 
Plymouth. At present he holds a fellowship from the 
Agricultural Research Council. As an undergraduate 
he abandoned a Greek scholarship in order to study 
zoology, and he has written a number of papers on 
the behaviour of vertebrates, together with a forth- 
coming book on comparative physiology. 


British Standards Institution, Chemical Divisional 
Council : Dr. G. H. Beeby 


Dr. G. H. Bersy has been appointed chairman 
of the Chemical Divisional Council of the British 
Standards Institution and has, therefore, at the same 
time become a member of the General Council and 
the Executive Committee. Dr. Beeby, who is the 
well-known chairman of Imperial Chemical Industries 
Salt Division at Winsford in Cheshire, has spent all 
his working life in that organization. Born in Leices- 
tershire, and educated at Loughborough College and 
the University of London, he joined the Billingham 
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Division of 1.C.1. as a chemist in 1928. Afterwar.'s he 
spent thirteen years in I.C.I. sales offices before te. king 
up his present duties in 1952. He first joinec the 
Heavy Chemicals Industry Committee of the B: itish 
Standards Institution in 1945, and has been its chair. 
man, as well as chairman of the Institution’s Sub. 
Committee for International Work on Chemis try, 
since 1948. 


John Gould, F.R.S. (1804-81) 


JoHN GovuLp, who has an honoured place in the 
ranks of ornithology, was born at Lyme Regis in 
Dorsetshire a hundred and fifty years ag: on 
September 14, 1804. At the age of fourteen he began 
working under his father, who had been appointed 
foreman gardener at Windsor Castle, and acquired 
an intimate knowledge of birds in their wild state 
and considerable skill in the art of taxidermy. In 
1827 he became taxidermist to the newly founded 
Zoological Society of London. His first attempt at 
authorship was his description of bird skins received 
in 1830 from the Himalayas, “A Century of JLirds 
from the Himalayan Mountains” (1832), and his own 
sketches, artistically transferred to stone by his wife, 
made this the most accurately illustrated book on 
foreign ornithology up to that time. A two-year 
expedition to Australasia (1838-40) was responsible 
for “The Birds of Australia’, which took seven years 
to complete. He was elected to the Royal Society in 
1843. Gould published forty-one folios on birds, 
illustrated with 2,999 plates, his best-known works 
being ““A Monograph of the Trochilidae, or Family 
of Humming-Birds”’ (this collection was exhibited at 
the Great Exhibition of 1851), ‘“The Birds of Europe”, 
“The Birds of Asia’’ and ‘“The Birds of Great Britain”. 
Gould also contributed some three hundred memoirs 
and papers to the Proceedings of the Zoological 
Society and to other scientific journals. He died on 
February 3, 1881, aged seventy-seven, at Charlotte 
Street, near the British Museum. 


Calendar Reform and the Seven-day Week 


A PAMPHLET entitled “Calendar Reform and the 


Seven-Day Week: a Clarification”, by Elizabeth 
Achelis, James Avery Joyce and Daniel Sher, is 
No. 5 of the World Calendar Pamphlets series, and is 
published by the Calendar Reform Association 
(pp. 30; 1954; Is.). It is unfortunate that there is 
opposition to calendar reform from a few religious 
sects—Christian and non-Christian—the foremost 
critics being the Jews, chiefly because the Sabbath is 
fixed for the seventh day of the week and the pro- 
posed alterations would disturb this. The main dis- 
turbing factor is the use of a ‘Worldsday’ which, in 
the suggested scheme, is the 365th day, now dated 
December 31, and which would be a world holiday, 
dedicated to the brotherhood of man and a non- 
working day. Every year would thus begin on a 
Sunday, January 1. The objections are fully and 
fairly dealt with by Mr. Joyce, a British Methodist ; 
and Mr. Sher, an Israeli Jew, shows the error of the 
points raised by the late Chief Rabbi Hertz on the 
spiritual and human rights of the minority, which 
were largely responsible for the somewhat hasty and 
erroneous action taken by Jewish organizations. A 
few examples show the faulty conceptions of such 
terms as ‘day’ and ‘week’. Thus a person crossing 
the International Date Line may experience two 
successive Sabbaths or may miss one, passing directly 
from Friday to Sunday. Again, according to Jewish 
Law, the Sebbeth lasts from sunset until sunset on 
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the following day, but how could such a regulation 
be observed in polar regions where the sun neither 
rises nor sets for months ? These and other arguments 
show conclusively that the Sabbath is not absolute, 
but a function of physical and political geography. 
In addition, there are many precedents in Jewish 
history for the concept of the year undergoing 
changes, as, for example, making the month of Tishri 
the first month of the calendar year instead of Nisan, 
in flagrant defiance of the command mentioned in 
Exodus xii, 2. Except for a small body of Christian 
Sabbatarians, Judaism seems to be the only opponent 
of the reformed calendar on religious grounds, and if 
world opinion should show a substantial majority in 
favour of reform, it would be unreasonable to post- 
pone the change in deference to the wishes of a race 
that represents only about 0-5 per cent of the world’s 
population. 


Directory of International Scientific Organizations 


In accordance with a decision of the General Con- 
ference of the United Nations Educational, Scientific 
and Cultural Organization in November—December 
1952, the second edition of the Organization’s 
“Directory of International Scientific Organizations” 
(pp. 312. Paris: Unesco; London: H.M.S.O., 1953. 
2.50 dollars, 138. 6d. or 650 francs) has been published 
only in English, the language which commanded the 
larger sales of the first edition. It is arranged on 
similar lines to the first edition, and although certain 
bodies included in the first edition are now omitted 
in the absence of up-to-date information and other 
defunct ones are no longer listed, 264 organizations, 
as against 202 in the first edition, are described, 
though a few of those given in the ‘‘Miscellaneous” 
section appear to have somewhat slender claims to 
be regarded as scientific organizations in the usual 
sense of the term. As previously noted, the contents 
pages, with their interpretation of the initials and 
symbols so commonly inflicted on the reader in place 
of names and titles, and the adequate subject index 
make the volume a most useful reference work to 
men of science generally as well as to the librarian. 


New Education Scheme of the Institute of Fuel 


In the July issue of the Journal of the Institute of 
Fuel is an informative account of the new education 
scheme of the Institute of Fuel, contributed by the 
chairman of the Institute’s Education Committee, 
Dr. D. T. A. Townend. Among the activities of such 
a professional body, the development of its educa- 
tional aims must always be a matter of prime 
importance ; for to a chartered body the professional 
competence and corresponding status of its members 
must be factors in which the highest standards must 
progressively be assured. One needs to recall the 
background against which the first education scheme 
was framed following the report of the Sibly Com- 
mittee made more than a decade ago. That Com- 
mittee, set up by the Advisory Council of the 
Department of Scientific and Industrial Research to 
inquire into the supply of trained fuel technologists, 
reviewed both the urgent short-term and the long- 
term problems involved ; the educational activities 
of the Institute had in some measure contributed 
towards the progress envisaged. Some weaknesses in 
the early scheme were revealed by practical experi- 
ence of its working, and these have been remedied in 
the new scheme now coming into operation. A 
professional body must always gather much of its 
strength from members educated in the universities 
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and technological institutions. There are, however, 
in these days of part-time release from industry for 
further education, a large number of potential tech- 
nologists, much needed in industry. The new scheme 
is particularly directed towards their welfare if their 
livelihood is concerned with the many-sided aspects 
of fuel technology. A grouped course of study is 
prescribed in which five years is intended to be 
occupied on part-time study of the scientific back- 
ground and the technological essentials. For those 
who are fortunate enough to be able to profit by 
full-time educational facilities, a valuable detailed 
account is given of the resources of Britain in a 
collective statement which has not previously been 
made available to the intending student. The dis- 
cussion of the scheme by the members of the Institute 
is appended to the paper. 


Brotherton Library and Collection of the University 
of Leeds 

THE annual report of the Librarian, University of 
Leeds, for the session 1952-53 (pp. 12; from the 
University), records holdings of 365,912 volumes 
and 159,090 pamphlets at June 30, 1953, of which 
266,053 volumes and 109,171 pamphlets are in the 
Brotherton Library. Special reference is made to the 
use of aluminium and plastic in the new mezzanine 
floor of the Brotherton Library in which radiating 
lines of bookcases converge on the centre of a circle 
104 ft. in diameter, and the new floor and shelving 
are supported at basement-level by aluminium 
stanchions spaced at a uniform distance of 3 ft. 6 in. 
Horizontal supporting members are fixed at the top 
of the stanchions, which in turn support parallel 
beams, between which are inserted standard ‘Holo- 
plast’ sheets. Each stanchion accommodates four 
perforated steel channels, the centres of the per- 
forations being 1} in. apart, and this is the only use 
of steel in an otherwise entirely aluminium structure 
which is believed to mark a new departure in library 
planning. The new floor is covered with a cork 
linoleum specially treated to preserve its sound- 
absorbent quality. 

The eighteenth annual report of the Brotherton 
Collection Committee of the University (pp. 10; 
University of Leeds, 1954) covers the session 1952-53, 
during which three main exhibitions were arranged. 
The first of these related to the Poets Laureate of 
England, the second to three Queens of England— 
Elizabeth I, Anne and Victoria—and the third was 
an exhibition of items from the collection of atlases, 
maps and road-books presented to the University by 
the late Dr. Harold Whitaker. The Collection was 
also open, usually with special exhibitions, to learned 
societies which were guests of the University ; these 
included the Thirteenth British Congress of Gynzcolo- 
gists and Obstetricians (July 1952), the Royal 
Astronomical Society (July 1952) and the British 
Association of Urological Surgeons (June 1953). Dr. 
E. E. Willoughby gave a series of four lectures on 
“The Uses of Bibliography to the Student of Litera- 
ture and History” in the Brotherton Room during 
November. The contents of the Collection on June 30, 
1953, were estimated at 24,220 books; 16,287 
pamphlets ; 608 manuscripts; 4,106 deeds; 32,269 
letters ; and 25 maps. 


Fitzwilliam Museum, Cambridge : Report for 1953 


THE restrictions on new museum buildings are so 
severe in Great Britain at the present time that it is 
pleasing to note in the annual report for 1953 of the 
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Fitzwilliam Museum, Cambridge, that a building 
licence was granted for the Graham Robertson Room. 
This extension will provide a much-needed exhibition 
gallery and students’ room, with storage accom- 
modation, for water-colours and drawings. The work 
is due to be completed by October 1954. The Friends 
of the Museum have again been generous in their 
support, and purchases to the extent of more than 
£1,200 were made during the year. These included a 
porcelain dish of the Ming dynasty (Yung Period) 
decorated in blue, and a porcelain stem-cup decorated 
in red and green enamels and dated sixteenth century 
(Ming Dynasty). 


Records of the Dominion Museum, Wellington, New 

Zealand 

Tue ‘“Records”’ of the Dominion Museum, Welling- 
ton, New Zealand (Vol. 2, Part 1; 1953), includes 
papers on ichthyological notes, with special reference 
to sexual dimorphism in some New Zealand fishes ; 
the ecology of the vegetation of sand dunes at Piba ; 
and a molluscan fauna from the Chatham Rise. 
Part 2 of the same volume consists of papers on 
Acantocephoba from Auckland and Campbell Islands, 
parasitic nematodes and trematodes from Camp- 
bell and Auckland Islands. Vol. 1 of this ‘‘Record” 
was published in 1942-44. Since that date, various 
publications have been issued; but it is now stated 
that, commencing with the present parts, the series 
of ‘“‘Records’’ will continue. 


Cross-Sections of Paints 

AN important article in the July issue of the 
Museums Journal by Joyce Plesters, of the National 
Gallery, London, details some experimental work 
on the preparation and study of layers of paimt on 
pictures. For a proper microscopical study of the 
layer structure the paint fragment must be mounted 
and its surface prepared by sectioning. The em- 
bedding medium used is ‘Marco Resin 8.B. 26 C’, and 
full details of the process are given in the paper. 
The information about the physical structure of 
paintings that can be gleaned from a study of paint 
cross-sections is varied and a few specific and illus- 
trated examples are recorded. Such matters as over- 
painting are quickly detected, and a clear distinction 
can be drawn between the original and subsequent 
additions. Facts of art-historical interest sometimes 
emerge from a study of paint cross-sections, and 
information regarding the technical methods used by 
the artists can generally be deduced. A collection of 
paint cross-sections is being made and with the 
corresponding chemical analyses form an interesting 
record of artists’ techniques and palettes, and may 
indeed prove of definite diagnostic value in providing 
additional evidence for attributions. 


Heat Transfer by Radiation 

THe Department of Scientific and Industrial 
Research and Fire Office’s Committee has produced 
Fire Research Special Report No. 2, “Heat Transfer 
by Radiation’, by J. H. McGuire (pp. 29. London : 
H.M.S.O., 1953; 1s. 6d.), which deals with the con- 
figuration factor, and heat transfer between extended 
surfaces and between reflecting surfaces. The con- 
figuration factor, or geometrical factor, takes account 
of the geometrical relationship between a radiator of 
uniform temperature and emissivity, and a receiving 
element, and may be defined as the ratio of the 
intensity of radiation at the receiving element to the 
intensity near to the radiator. In the pamphlet the 
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configuration factor integral, the additive property 
of configuration factors and the configuration cosine 
law are first derived, and then the geometrical and 
optical methods of determination of the configuration 
factor are briefly described. The various m:.the. 
matical expressions for the configuration factors of 
the simple well-known surfaces—for example, plane, 
sphere, circular disk, cylinder, ete.—are listed and 
the use of the configuration factor tables relating to 
the various expressions is illustrated by the worked 
solution of a particular problem concerning a cylin. 
drical flue pipe. The remainder of the report is 
devoted to radiative heat transfer when multiple 
reflexions can take place. Expressions are derived 
relating to infinite plane surfaces, two finite non. 
concave surfaces, concentric spheres and concentric 
cylindrical surfaces. The report is a useful collection 
of available information expressed in a form which 
facilitates numerical calculation, and with the in. 
creasing use of radiative heat transfer in industry 
and with the application of its geometrical principles 
to the illumination of buildings it should prove 
valuable to engineers working in these fields. 


Solar Furnaces for High-Temperature Research 
A BRIEF but interesting account of recent progress 
in the design of solar furnaces for high-temperature 
research and development work, written by one who 
is actively engaged in this field of investigation, is 
given by W. M. Conn in the January number of the 
Journal of the Franklin Institute (257, 1; 1954). The 
principal advantages and disadvantages of solar 
furnaces in comparison with other means of obtaining 
high temperatures are discussed, and the various 
fields of study in which solar furnaces have been 
utilized or are expected to be of particular value are 
briefly outlined. A useful table is included in which 
data are given concerning recently erected soler 
furnaces at Jena, Germany, by the Zeiss Company ; 
at Meudon and Mont Louis, France, by F. Trombe 
end co-workers ; and at Kansas City, United States, 
by Mr. Conn and co-workers. The first large solar 
furnace units were used for qualitative work only; 
but recently solar furnaces for quantitative work 
have been developed, and various accessory equip- 
ment for heating and cooling a specimen according 
to a predetermined schedule, for maintaining it at a 
desired temperature and for air quenching is described. 
The development of solar furnaces for semi-industrial 
use is also discussed, and in one type mentioned the 
usual one-piece mirror is replaced by a collector 
consisting of a large number of small curved mirrors. 


Work Study 


Tue Association of British Chemical Manufacturers 
organized a two-day conference on works study at 
Buxton during October 9-10 for senior executives 
engaged in the chemical industry. The conference 
was arranged in order to implement one of the recom- 
mendations of the Heavy Chemicals Productivity 
Team, which visited the United States in the spring 
of 1952. The proceedings of the conference have 
now been brought together and cover all the 
addresses given, together with a summary of the 
main points which emerged at the meetings of the 
thirteen discussion groups. Among the addresses 
were descriptions of the techniques of method study 
and work measurement, the application of work 
study to financial incentive schemes, the effect of 
work study on labour relations and the intreduction 
of work study into a factory. All these were con- 
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tributed by members of the staff of Imperial Chemical 
Industries, Ltd., an organization which has probably 
had greater experience in the use of work study than 
any other in Great Britain. The whole volume has 
been well put together and will be of practical value 
not only to those who are introducing work study 
techniques into factories and offices but also to those 
who wish to familiarize themselves with its methods 
and jargon. Copies of the proceedings can be 
obtained from the Association of British Chemical 
Manufacturers, Cecil Chambers, 86 Strand, London, 
W.C.2. 
Occupational Medicine in Finland 

Tue Finnish Institute of Occupational Health has 
recently published its annual report for 1953, which 
shows how its work is rapidly expanding. In the 
past two years its staff has increased from 84 to 121 
and now comprises the following departments : 
general, medical, physiological, psychological and 
industrial hygiene. In the physiological department 
particularly, a good deal of work has been carried 
out—some of it with the aid of money from State- 
controlled football pools—on such topics as the 
mineral composition of thermal sweat, age and 
athletic performance in ball games, ski-ing and in 
wood-cutting, factor analysis of hematological 
changes in heavy manual work and the effects of a 
ski-ing season on physical fitness. In the psycho- 
logical section the following subjects have been 
investigated : job analysis in the metal industry, 
selection tests for miners, statistical analyses of 
accident proneness with especial regard to the 
relationship between age and accident proneness, 
fitness tests for drivers, method of selecting X-ray 
assistants for hospitals, studies of the condition of 
intoxication and so-called ‘“‘hang-over studies’. The 
report also contains a list of publications of the 
Institute during the year, which was marked by 
twenty generous donations amounting to a total of 
1,350,000 Finnish marks. The donors came from 
industry, insurance companies and workers’ organ- 
izations. 


Pest Infestation Laboratory : Report for 1953 


THE annual report for 1953 of the Pest Infestation 
Laboratory, Slough, of the Department of Scientific 
and Industrial Research (pp. iv+46+4 plates. 
London: H.M.S.O., 1954; 2s. net), shows that the 
range of activities of this centre of entomological 
research continues to enlarge. During the year the 
new biochemical laboratories were opened, and this 
will greatly facilitate the more fundamental work in 
which the metabolism of various insecticides is being 
studied, with the object of discovering their mode of 
action and the nature of the resistance which many 
insects are developing to certain types of insecticides. 
But the greater part of the work reported is of 
immediate practical importance. The ability of a 
wide range of pests and potential pests to survive 
under winter conditions in unheated buildings has 
been studied. In preliminary trials it has been found 
that sacks impregnated with a mixture of pyrethrins 
and piperoxyl butoxide retain their insecticidal 
properties from six to nine months. A simple elec- 
trical device, depending upon changes in conductivity, 
has been developed for rapid estimation of the water- 
content of bagged grain. Although not so accurate 
as the usual methods, this procedure is extremely 
simple and rapid and should prove of much practical 
value. One of the most important changes in policy 
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which is apparent in this report is a great increase 
in the amount of work which the Pest Infestation 
Laboratory is doing for the British Colonies. Most 
of these investigations concern storage problems, 
such as the underground storage of grain in pits, the 
susceptibility of rice to attack by mites, and the 
contamination of African maize by insect remains 
and much other filth since the adoption of hammer 
mills in place of the old method of winnowing the 
grain and grinding between stones or by pestle and 
mortar. It is a recommendation of the Pest Infesta- 
tion Research Board that the Colonial side of the 
Laboratory’s work should be still further strengthened. 


Cytology of Puccinia coronata 


Srupres of chromosomes in germinating sporidia 
of Puccinia coronata f. secalis, by R. C. McGinnis 
(Canad. J. Bot., 32, 213; 1954), show that three are 
present in the haploid nucleus. Hitherto, the very 
minute size of the chromosomes in the rust fungi has 
tended to deter cytologists from tackling these 
organisms. In an earlier paper (ibid., 31, 522; 1953) 
the same author has reviewed the literature and 
also recorded a haploid chromosome number of six 
for P. graminis and presented evidence of poly- 
ploidy. For if this species is an auto- or allo- 
tetraploid, then species with a lower chromosome 
number must have contributed to its origin. The 
present study contributes part of the relevant 
evidence: one of the illustrations shows a nucleus 
at anaphase with six daughter chromosomes migrating 
to the poles. It is suggested that three is probably 
the basic number for the genus and that P. coronata 
may be a constituent species of P. graminis. 


Forestry in New Zeaiand 


F Tue New Zealand Forest Service has started a 
new “Information Series” of pamphlets, the first 
number of which is entitled ‘Forestry in New 
Zealand” and is an extract from the “New Zealand 
Official Year-Book” (pp. 27. Wellington: Govern- 
ment Printer, 1953). The pamphlet is written for the 
public and deals with the present position of forestry 
in New Zealand under the headings of national forest 
policy, forest resources, forest authority, forest 
management, fire protection, soil conservation, public 
and private forestry, reclamation of sand dunes, 
finance of State activity, forest utilization, overseas 
trade research, principal forest trees, and strength 
properties of New Zealand timbers. The annual 
reports of the Service deal with those aspects of 
forestry work in the routine fashion. But, as the 
director of forestry complained in his annual report 
for 1950-51, the public does not read these reports— 
a fact scarcely to be wondered at in any country 
where government routine reports are in question. 
The pamphlet here considered is the director’s 
answer. A periodical brief review for the public of 
the forestry position in every country owning forests 
drawn up on these lines would prove of interest to 
many public men apart from the general reader. 
The opening statement on national forest policy 
displays both the object and method of the pam- 
phlet. Forest policy is essentially one of conservation 
of all existing forests and expansion in bringing on 
to the ground additional forest areas where they are 
obviously required, whether of indigenous or exotic 
species, both on uplands and plains. Not only pro- 
ductivity, but also protective scenic and recreational 
facilities, should be considered in the objectives. In 
short, a national forest policy should be drawn for 
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the maximum understanding and enjoyment by the 
public of those economic and social benefits which 
forests alone can confer. 


Courtaulds’ Scientific and Educational Trust Fund : 
Postgraduate Research Scholarships for 1954 


Tue Courtaulds’ Scientific and Educational Trust 
Fund has recently announced the award of its post- 
graduate scholarships for 1954, these being the sixth 
such awards to be made since the formation of the 
Fund in April 1948. The Fund provides for the 
establishment and maintenance of scholarships to 
encourage study and research in those branches of 
natural science which may be thought likely to 
assist the textile, plastics or other allied industries. 
Postgraduate research scholerships in a branch of 
science related to the textile, plastics and allied 
industries (maximum of £400 for one year only, but 
renewable for further periods) have been awarded to 
the following for research at the places indicated : 
C. 8. Chadwick (Manchester College of Technology), 
K. H. Garrett (Imperial College of Science and 
Technology, London), J. H. M. Hill (The Queen’s 
University, Belfast), R. M. Hochestrasser (University 
of Edinburgh), R. Johnston (University of Liver- 
pool), G. R. Kotten-Kaye (Royal College of Science, 
Imperial College of Science and Technology, London), 
J. H. Oxley (University College, London), P. R. 
Sewell and R. Worrall (University of Birmingham), 
and T. C. Stening (King’s College, London). Post- 
graduate research scholarships in textile technology 
(£320 for the first year and £360 for the second year) 
have been awarded as follows: E. Attle, S. L. Fitton, 
K. Jarnell and A. Powell (Manchester College of 
Technology), D. Hardisty, W. G. Kaye, J. A. 
Leathley and A. Selwood (University of Leeds), and 
C. D. Ward (Nottingham and District Technical 
College). 


Royal Technical College, Glasgow : 
1952-53 


THE report on research for the session 1952-53 
carried out at the Royal Technical College, Glasgow 
(pp. 40; 1954), gives a brief indication of the range 
of research in progress in the Departments of Mathe- 
matics, Natural Philosophy, Chemistry, Technical 
Chemistry, Metallurgy, Civil and Mechanical Engin- 
eering, Electrical Engineering, Mining Engineering, 
Architecture, Town Planning and Building, Pharmacy 
and Bakery, Textile Technology and of Industrial 
Administration. To most of these departmental 
summaries a list is appended of the most important 
publications during the year, with abstracts, and the 
titles of theses approved for higher degrees are also 
listed separately under departments. The report 
replaces the former Journal of the Royal Technical 
College, the publication of which has now ceased. 


Report for 


Colonial Service: Recent Appointments 


Tue following appointments have recently been 
made in the Colonial Service: P. 8S. Castle and L. F. 
Derraugh (agricultural officers, Gold Coast), senior 
agricultural officers, Gold Coast; W. E. M. Logan 
(regionel assistant conservator of forests, Tangan- 
yika), deputy chief conservator of forests, Tangan- 
yika; R. G. Sangster (deputy chief conservator of 
forests, Tanganyika), chief conservator of forests, 
Tanganyika ; W. J. Gray (veterinary officer, Nyase- 
land), veterinary officer, Northern Rhodesia; J. 
McCulloch (principal veterinary officer, Eastern 
Region, Nigeria), deputy director of veterinary 
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services, Northern Region, Nigeria; R. I. McQuistan, 
agricultural officer, Sierra Leone; J. B. Taylor and 
B. Woodhead, agricultural officers, Nigeria; RK. K, 
Claydon, veterinary officer, Nyasaland; M. k. E£, 
Durand, veterinary officer, Kenya; D. Bleac <ley, 
geologist, British Guiena ; D. I. Nicholson, ecol: cist, 
North Borneo ; D. Slater, veterinary officer, Niveria, 


Announcements 


To mark the bicentenary of the birth of William 
Murdoch, pioneer of the gas industry, a Murdoch 
Memorial Lecture has been arranged by the Institu- 
tion of Gas Engineers, which will be delivered by Dr, 
Alexander Fleck, chairman of Imperial- Chemical 
Industries, Ltd., in the Lecture Theatre of the Royal 
Institution, Albemarle Street, London, W.1, on 
October 5, at 6 p.m. Admission to the Lecture will 
be by ticket. Further information can be obtained 
from the Secretary of the Institution at 17 Grosvenor 
Crescent, London, 8.W.1. 

TuE Scottish Group of the Nutrition Society is 
holding a symposium at Dundee on October 23 dealing 
with ‘Disorders of the Alimentary Tract and their 
Nutritional Effects”. Papers will be read that de2l 
with the absorption of vitamins, minerals and fat, 
and also on the subject of food allergies. Further 
information can be obtained from Prof. R. B. Hunter, 
Department of Pharmacology and Therapeutics, The 
Medical School, Queen’s College, Dundee. 


Tue Sciences Committee of the Scientific Film 
Association is arranging a meeting to take place in 
the theatre of the Shell Film Unit, Shell-Mex House, 
Strand, W.C.2, on October 14, at 6.30 p.m., for the 
introduc.ion and exhibition of films made to record 
or illustrate advances in chemical research—puie, 
physicai or applied. The meeting is to demonstrate 
how film-making can implement investigational work. 
The meeting is open to the public. 


Tue sixth Canadian High Polymer Forum, which 
is devoted to all aspects of high polymer chemistry, 
will be held at Ridley College, St. Catherines, Ontario, 
during April 14-15, 1955. Contributions to the Forum 
should be sent as soon as possible to thé programme 
chairman, Dr. H. L. Williams, Research and Develop- 
ment Division, Polymer Corporation, Ltd., Sarnia, 
Ontario, and confirmed with a two-hundred word 
abstract not later than February 15. Inquiries re- 
garding accommodation should be directed to Mr. 
D.S. Fensom, of Ridley College. General information 
on the Forum can be obtained from the secretary- 
treasurer, Dr. D. G. Ivey, Department of Physics, 
University, Toronto, Ontario. 


An official Catalogue of the National Collection of 
Yeast Cultures is now available from the Brewing 
Industry Research Foundation, Nutfield, Redhill, 
Surrey, where the Collection is maintained. 


Erratum. The report of the Royal Meteorological 
Society’s symposium on “The Upper Atmosphere” 
(Nature, August 21, p. 334) contains an incorrect 
statement about the directions of F-region move- 
ments observed from the Jodrell Bank Experimental 
Station. In the auroral zone the drift movements 
are predominantly towards the west during the period 
09-21 hr. and towards the south-east or south-west 
thereafter. In the zenith the movements are towards 
the west during 18-01 hr. and towards the east 
during 01-05 hr. A dete iled account of these observa- 
tions is given by Maxwell and Dagg (Phil. Mag., 
45, 551; 1954). 
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SOCIETY FOR THE STUDY OF FERTILITY 


ANNUAL CONFERENCE 


HE annual conference of the Society for the 
Study of Fertility was held in the Meeting House 
of the Zoological Society of London during July 
22-23, when the opportunity was also taken to 
celebrate the fifth anniversary of the Society’s 
existence. The proceedings opened with a paper by 
R. Irving-Bell on the routine clinical examinations 
carried out at the Male Subfertility Clinic at Bristol, 
followed by @ group of three papers from the Depart- 
ment of Anatomy, Liverpool, by Prof. R. G. Harrison 
and his colleagues, on some fundamental aspects of 
the structure and function of the rat testis and the 
male accessory organs. In the first paper, concerned 
with the influence of freezing temperatures on the 
rat testis, Prof. Harrison and Miss Jean Macdonald 
elaborated in detail their thesis that the adverse 
effects of low temperatures on spermatogenesis are 
due directly to ischemia. Next, E. W. Macmillan 
gave an account of his experiments on the anatomical 
factors in the male which determine the normal rate 
of disposal and dissolution of epididymal spermatozoa, 
and which predispose to the formation of spermato- 
coele. E. J. Clegg described the response of rat 
accessory glands to the interruption of arterial blood 
supply. His finding that, when deprived of the normal 
blood supply, the coagulating glands cease to secrete 
fructose is a good indication that the blood-flow in 
the accessory reproductive organs is of decisive 
significance for composition of the seminal plasma. 
Dr. Cecilia Lutwak-Mann (Cambridge) spoke next 
on the physiology and biochemistry of the near- 
implantation stages of pregnancy in the rabbit. She 
has found that very little glucose is present in the 
young unattached blastocyst (six days after fertil- 
ization), but that the content of this sugar begins to 
increase markedly as implantation progresses. This 
is in contrast to the content of bicarbonate ions, 
which in the unimplanted blastocyst are almost three 
times more concentrated than in the maternal blood 
but which decrease to maternal serum-level after the 
implantation. The remarkably high content of 
bicarbonate in the free-lying blastocyst coincides 
with the appearance in the mucosa of the pregnant 
uterus of carbonic anhydrase, the zinc-protein enzyme 
which is well known to be concerned with bicarbonate 
metabolism in the animal body. From Dr. Lutwak- 
Mann’s experiments concerning the passage of a 


~ variety of substances from the maternal blood 


stream into the blastocyst, it appears that, so long 
as the blastocyst remains free in the uterus, it is 
largely independent of major changes in the maternal 
blood composition. Once implantation is completed, 
several substances, including certain drugs, are 
capable of passing freely from the maternal blood 
into the blastocyst cavity. 

This paper was followed by a group of three 
reports, all of them concerned with different clinical 
aspects of human infertility: D. M. Shotton (Bir- 
mingham) spoke on the obstetric management of 
infertile women, M. C. N. Jackson (Exeter) presented 
her records on the follow-up of infertility cases, 
extending over many years of observation, and Dr. 
J. Loewenstein (London) described in detail the use 
of mechanotherapy in subfertile men. 

The session on the next day opened with a paper 
by Dr. E. J. Farris (Philadelphia) on the value of 





ovulation timing in the sterile couple, followed by 
two other guest-speakers from abroad: Dr. G. E. 
Seegar Jones (Baltimore), who discussed the relation- 
ship between adrenal hyperplasia and fertility, and 
Dr. Raoul Palmer (Paris), describing the use of 
coeeliscopy in the diagnosis of reproductive disorders 
in women. The remaining papers centred largely on 
the problem of male sterility and sperm physiology 
and biochemistry. Dr. G. I. M. Swyer (London) 
commented critically on the value of testicular 
biopsy as a clinical procedure. Dr. A. 8S. Parkes and 
Dr. P. Spensley, from the National Institute for 
Medical Research, Mill Hill, reported on their experi- 
ments with ‘Rehibin’, a condensation product of 
gentisic acid, and on certain other new macro- 
molecular polyacids in relation to their action on 
hyaluronidase and the fertilizing capacity of rabbit 
spermatozoa. An interesting fact brought to light by 
these researches was that, in spite of the marked 
inhibitory effect on sperm-hyaluronidase which 
coincided with a decrease in fertilizing capacity, 
‘Rehibin’ and similar polyhydroxybenzoic acid con- 
densation products are not necessarily spermicidal 
agents—for example, they do not deprive the 
spermatozoa of their motility and metabolic activity. 

Metabolic processes in spermatozoa and their 
relation to the so-called dilution effect were dealt 
with by Dr. M. W. H. Bishop (Cambridge), who 
reported also on the use of a new glycine-containing 
artificial medium in the practice of semen preserva- 
tion. He was followed by Dr. T. Mann (Cambridge), 
who spoke on the biochemical mechanisms under- 
lying the action of spermicidal agents, and on his 
recent investigations which make it possible to dis- 
tinguish ‘clearly three groups of spermicidal sub- 
stances : enzymic inhibitors, which act directly upon 
certain intermediary reactions in sperm respiration 
and fructolysis ; sulphydryl-binding substances which 
combine with the vital thio-groups in spermatozoa ; 
and surface-active substances which owe their 
spermicidal property to a detergent action on lipo- 
protein and other protein-constituents of the sperm- 
cell. 

As in previous years, the papers presented at the 
Conference will be published by W. Heffer and Sons, 
Ltd., Cambridge, as a separate volume (No. 6) of 
the Proceedings of the Society for the Study of Fertility. 


METEOROLOGY AND SCOTTISH 
AGRICULTURE 


WO symposia were held by the Royal Meteor- 

ological Society as part of its summer meeting 
during July 15-17 in the Natural Philosophy Depart- 
ment of the University of Edinburgh. The first was 
on ‘‘The Upper Atmosphere” (see Nature, August 21, 
p. 334), and the second, which was held on July 17, 
was devoted to “Meteorology and Scottish Agri- 
culture”. The first speaker at this latter symposium 
was Dr. John Grainger (West of Scotland Agricultural 
College, Auchincruive), who suggested, by graded 
examples, that studies on relationships between 
climate and crop diseases should consider effects on 
the host plant, in addition to those on the parasite. 
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The attainment of a soil temperature of 45° F. 
(7-2° C.), for example, imposes an initial limit to the 
activity of larve of the potato root eelworm, with 
no such limit to growth in the early Epicure potato- 
host. This has important economic and pathological 
repercussions, and the growth of such early crops 
provides, moreover, the only cultural possibility of 
obtaining even moderate yields on infested land. 
Low incidence of club root disease of swedes is 
associated with a relatively high soil temperature in 
July, relatively high amounts of bright sunshine in 
June, July and September, relatively low rainfall in 
September, and relatively high rainfall in October. 
The effect of bright sunshine on disease can only 
arise through its effect on the host. Practical measures 
for the grower would be to control soil moisture in 
September and October. 

A second paper by Dr. Grainger, in which he had 
collaborated with J. L. Sneddon, E. de C. Chisholm 
and A. Hastie (Auchincruive), reported that higher 
yields of barley grain are related to lower maximum 
air temperature and higher rainfall in June. The 
production of bean grain is stimulated by higher 
average maximum air temperature in May, iower 
bright sunshine in June, and higher rainfall in July. 
Yields of oat grain are higher with lower average air 
temperature in July, and wheat grain with lower 
average air temperature in April and higher rainfall 
in July. Winter varieties of wheat give higher yields 
of grain when, in addition to these correlations with 
climate in April and July, there is a lower amount 
of bright sunshine in March. The practical value of 
the results lies in the precision they bring in sug- 
gesting that conservation of soil moisture is most 
necessary in particular months for each crop in a 
given area. 

Dr. F. L. Waterhouse (University College, Dundee ; 
University of St. Andrews) gave detailed assessments 
of seasonal and diurnal differences in climate within 
grass crops, with the view of their suitability for the 
development and successful existence of insects. The 
differences are mainly related to the height, density 
and mode of growth of the crop and also to the 
angle of the sun’s rays. A matted basal layer of 
dead grass in wild grassland, or the co-existence of a 
clover crop in hay and silage fields, maintains a cool 
humid atmosphere next to the ground. This is 
favourable to insects when more arid conditions exist 
at higher levels, where wind speed is the most sig- 
nificant factor. These varying conditions can make 
available to an insect a considerable range of body 
temperatures and states of water-loss during periods 
of insolation. The presence of broad-leaved weeds 
can interfere with the relatively uniform habitat 
presented by pure grassland. 

A preliminary report on continuous records of 
profile soil temperatures within an afforested area 
was given by Dr. J. R. H. Coutts (Soil Science 
Department, University of Aberdeen), who said 
that mean annual temperatures were found to be 
practically the same throughout the soil profile, 
but that inversions of the profile occurred in April 
and August. Future results from this study should 
yield information of considerable importance. Mr. 
J. M. Caborn (Forestry Department, University of 
Edinburgh) reviewed work on the effect of shelter 
belts on the climate of the areas influenced by them. 
He laid stress upon the density of the shelter. A 
completely dense belt, for example, is 80 per cent 
ineffective at 10 heights away in the lee, whereas a 
less-dense belt is effective 15 heights away, and a 
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density of 50 per cent has been found to be the 
most effective. In detail the temperature in the lee 
of a shelter belt is often 1° F. higher than in the 
open, during the day; relative humidity is alout 
3 per cent less in the lee, and soil moisture is about 
1 per cent higher in this area. Crop yields have also 
been found to be higher in the lee of shelter beits, 

Mr. F. H. D. Green (Nature Conservancy) con- 
sidered the importance of climate and climatic 
studies on the ecological work of the Conservaicy, 
One important conclusion is that the climate and 
conditions in mountain-top valleys should not be 
considered on a basis of their floor altitude, but as 
part of the mountain top itself. An indirect effect of 
summer rainfall on the response to phosphatic 
fertilizers was mentioned by Dr. A. M. Smith and 
Dr. K. Simpson (East of Scotland College of Agri- 
culture, Edinburgh). It is fairly common knowledge 
that response to phosphatic fertilizers tends to be 
small in a dry season and high in a wet one. It was 
found, however, that the percentage recovery of 
phosphorus is more closely related to soil pH than 
to summer rainfall. The correlation between phos- 
phate recovery and soil pH is, nevertheless, much 
more significant when the effects of summer rainfall 
are eliminated. 

The symposium served a most useful purpose. 
Biologists and meteorologists have remained separate 
for too long, and it is to be hoped that this conscious 
joining of their forces may be followed by further 
similar meetings. 


ROYAL GREENWICH 
OBSERVATORY 
ANNUAL REPORT FOR 1953—54 


HE annual report of the Astronomer Royal for 
the period May 1, 1953—April 30, 1954 deals as 
usual with three separate sections of the Royal 
Greenwich Observatory in Greenwich, Abinger and 


Herstmonceux*. The Greenwich Octagon Room, 
which was formally opened on May 8, 1952 (referred 
to in last year’s report), is accessible to the public, and 
Halley’s transit and Bradley’s zenith sector are dis- 
played in the room, as well as copies of various old 
prints of the Observatory. A considerable amount of 
work has been done to the New Building, and the 
hot-air furnaces have been overhauled; repair and 
maintenance work has been carried out in the old 
buildings, and the boundary fences have been repaired 
and strengthened. A new boiler has been installed 
for heating the Record Rooms and Time Department 
Office. 

The Yapp 36-in. reflector has been used with the 
single-prism spectrograph in continuation of observa- 
tions of the standard stars of the Yerkes Atlas, and 
86 spectra of 74 stars have been secured. During 
October 30—April 26, while the 21-ft. eclipse telescope 
was under test, the instrument was out of use. In 
last year’s report reference was made to the proposal 
to televise Jupiter and its satellites, and on January 
13 the scheme was carried out with great success ; 
unfortunately, the next night, on which a full-scale 
programme was scheduled, was cloudy, and a ‘stand- 
by programme’ had to be substituted. 

* Report of the Astronomer Royal to the Board of Visitors of the 
Royal Greenwich Observatory, Read at the Annual Visitation of the 


Royal Observatory, June 12, 1954. Pp. 30. (Herstmonceux: Royal 
Greenwich Observatory, 1954.) 
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Observations at the Magnetic Observatory, 
Abinger, are so disturbed by the local electric rail- 
ways that the Board of Admiralty has approved, in 
principle, its removal to a site near Hartland, North 
Devon. It is highly desirable that observations in 
the new site should begin not later than the middle 
of 1957, and an overlap of observations with those 
at Abinger of at least a year will, it is hoped, include 
the International Geophysical Year. If it does, the 
magnetic data for that year would then include 
results from two observatories in the south of Eng- 
land and from the two northern observatories at 
Lerwick and Eskdalemuir. 

While substantial progress in the removal to 
Herstmonceux has been made, it is disappointing 
that delays in the construction of the meridian group 
of buildings have taken place; the transit circle 
building is still unusable, and the photographic 
zenith tube building has only reached the foundation 
stage. The decision by the Admiralty that no official 
houses for the observing staff will be provided at 
Herstmonceux increases the need for close co- 
ordination between the building programme at the 
Observatory and the provision of houses for the staff 
through the local Rural District Council. The delay 
in the completion of the consulting architect’s plans 
for the buildings to house the Time Department, the 
Nautical Almanac Office and the workshops will still 
further postpone the date of the removal. 

Mr. J. Evershed has presented the Observatory 
with the principal parts of his solar spectroscope 
from his private observatory at Ewhurst; these 
include a coelostat for a 15-in. mirror, a train of three 
large liquid prisms and many accessory items. He 
had previously presented the Observatory with a 
pair of large solid glass prisms of 45° angle and a 
21-ft. collimator lens. The large reflecting prism of 
30° angle which the Royal Society had lent him 
has been transferred to the Observatory. 

Cosmic ray recording with the Clintel apparatus 
has been continued, but some of the data obtained 
were unreliable : some modification of the apparatus 
has, in consequence, been done. The investigations 
of the atmospheric cosmic-ray Cerenkov effect have 
been discontinued because the slit in the solar dome 
was found to be too narrow for a satisfactory 
arrangement. A project of high-energy shower 
recording has been given some consideration. 

The ‘Nautical Almanac” for 1955, which was 
published in April,-contains a list of observatories, 
the first it has given since 1941, and, generally 
speaking, the list is confined to those observatories 
of which the work demands a knowledge of accurate 
values of the geographical co-ordinates. To comply 
with the recommendations of the International 
Astronomical Union made at the Eighth General 
Assembly in Rome in 1952, the first part of the 
“Nautical Almanac” for 1960 has been completely 
redesigned, and preparations of copy for 1960 will 
soon be started. Good progress has been made in 
the calculation of the ephemerides of the sun and 
planets for the years 1960-80. In the report of the 
Observatory for 1952-53, reference was made to the 
preparation of illustrative examples for the use of 
different methods of calculating perturbations of 
comets and minor planets for the third volume of 
“Planetary Co-ordinates’, and Encke’s method has 
been completed, while Hansen’s method is nearly 
finished. Some progress has been made with the 
method of variation of elements and with Herrick’s 
method of variation of parameters. In connexion 
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with the “Star Almanac”, the 1955 edition of which 
is expected to appear in June, it is interesting to 
know that it is now an established success and that 
reprints have been necessary in 1953 and 1954 in 
spite of printing increased numbers. 

The figuring of the 98-in. disk of the Isaac Newton 
telescope has been suspended pending further tests 
in August during the works holiday period, when 
there will be an absence of vibration from heavy 
machinery. The broad features of the design of the 
mounting have been decided: it will be an offset 
fork mounting with polar axis in the form of an 
inverted and truncated cone. 


INDIAN ASSOCIATION FOR THE 
CULTIVATION OF SCIENCE 


ANNUAL REPORT FOR 1953-54 


HE annual general meeting of the Indian 

Association for the Cultivation of Science was 
held on July 30 at Jadavpur, Calcutta. Prof. P. 
Ray, acting director, in presenting the annual report 
on the Association for 1953-54, said that the six 
research departments, the library, the workshop and 
the administrative office continued to function 
actively for the third year in the new research 
laboratory building at Jadavpur. The Association 
has prepared a five-year plan of development, 
covering the financial years 1954-59, which envisages, 
for the existing departments, the expansion of 
facilities with respect to equipment and staff so as 
to consolidate the present research activities and 
also improve the level of efficiency, but does not 
involve establishment of any new department. For 
the five years 1954-59, the non-recurring require- 
ments of the Association for equipment, standard 
reference books, etc., have been worked out at 
Rs. 1,138,200, and the projected development under 
land and building would involve an expenditure of 
Rs. 1,771,393. During the same period the normal 
recurring grant for running the Association will 
have to be increased from Rs. 465,630 in 1954-55 
to Rs. 777,415, thus requiring a total sum of 
Rs. 3,227,592 for the entire five-year period. It is 
expected that the Association’s non-recurring demand 
will be met by the Government of India and the 
Government of West Bengal in the proportion of 
2:1. The present recurring charges will continue to 
be borne by the Government of India, and it is 
expected that the additional requirements will be 
also borne by the Governments of India and of West 
Bengal in the proportion already mentioned. 

Prof. Ray reported that the Association has under 
operation four research schemes of the Council of 
Scientific and Industrial Research of the Government 
of India, three research schemes under Prof. 8. R. 
Palit and one under Prof. B. N. Srivastava. The 
Government of India, through the Ministry of 
Natural Resources and Scientific Research, has 
established a number of senior and junior scholar- 
ships for providing research training to deserving 
students at the Association under the Scientific 
Man-Power Committee Scheme. 

During the year the Association started a pub- 
lication section and undertook the publication of a 
number of books and monographs, including a book 
on the history of science in Bengali, ‘““Bijnaner 
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Itihas”, by Sri S. N. Sen, which was subsidized by 
the Government of Bengal, “‘Nuclear Induction”, by 
Dr. A. K. Saha and Sri T. P. Das, and a monograph, 
“Non-aqueous Titration”, by Dr. S. R. Palit, Dr. 
M. N. Das and Sri G. R. Somayajulu. Of the lectures 
given during the year, Prof. G. I. Finch, who was 
awarded the Association’s Jay Kissen Mookerjee 
Gold Medal for 1950, delivered a course of three 
lectures on electron optics and study of surfaces, 
crystal growth in electro-deposition and in surface 
reactions, and polish, mechanical wear and lubrica- 
tion ; and another course of three lectures was given 
by Dr. J. N. Ray, as Coochbehar professor for 1949, 
on carbohydrate metabolism and the role of some 
plant nucleotides in the phosphorylation of glucose, 
curariform drugs and their action and anesthetics. 
The Ripon professorship lecture for 1950 was de- 
livered by Prof. T. R. Seshadri, who spoke on a line 
of investigation in the field of plant drugs and 
insecticides, and Dr. 8. K. Banerjee, Dr. M. S. 
Krishnan and Dr. D. 8. Kothari, the Ripon pro- 
fessors of the Association for the years 1948, 1949 
and 1950, delivered lectures on, respectively, Hima- 
layan earthquakes; ancient Indian iron ore and 
its manufacture, the iron ore deposits in India, and 
the modern iron industry in India and its future 
prospects ; and recent advances in statistical thermo- 
dynamics. Dr. Dilip Kumar Banerjee was awarded 
the Sri John Wood Burn Medal for 1950 and gave 
a lecture on steroid synthesis. Dr. J. C. Ghosh, the 
retiring president of the Association, delivered the 
Memorial Lecture, speaking on the petroleum in- 
dustry with special reference to India, this being the 
occasion of the fiftieth anniversary of the death of 
the late Dr. Mahendra Lal Sircar, the founder of the 
Association. A- symposium on high polymers, 
including rubber, resins and plastics and fibre, was 
organized during the year by the Department of 
Physical Chemistry of the Association, and was 
followed by a very successful three-day summer 
course on the subject. 

In his report, Prof. Ray gave a brief review of the 
work carried out in the six research departments of 
the Association during 1953-54. In the Department 
of General Physics, X-rays and Magnetism, studies 
were made on transport properties of matter, thermo- 
dynamics of irreversible processes, low-temperature 
physics, X-ray crystallography, study of low-angle 
scattering, X-ray study of coal, X-ray study of 
glass, crystal magnetism, cryogenics, and semi- 
conductors. Investigations carried out in the 
Department of Optics have related to ultra-violet 
absorption. spectra or organic substances in the 
solid «state at low temperatures, Raman spectra 
of some organic compounds in the solid state 
at low temperatures, Raman spectra of organic 
compounds in the vapour state, Raman spectra of 
liquids and solutions, relaxation time of polar mole- 
eules in the liquid state, absorption of ultra-high- 
frequency radio waves by organic liquids, absorption 
of microwaves by organic liquids, and cosmic rays. 
In the Department of Theoretical Physics, investi- 
gations were carried out in meson field theories and 
nuclear scattering, Born approximation and its con- 
nexion with covariant perturbation theory, capture 
of electrons by ions passing through gases, cosmology, 
and nuclear shell structure model. The Physical Chem- 
istry Department has conducted its research activities 
under two broad headings: high-polymer chemistry, 
and general physical chemistry. Under high-polymer 
chemistry some of the problems investigated relate 
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to chain transfer in vinyl polymerization, copolymer. 
ization, kinetics and chain transfer studies in poly. 
merization initiated by hydrogen peroxide, viny| 
polymerization with metallic soaps, kinetics and 
chain transfer studies with substituted peroxide and 
azonitriles, synthesis of hydro peroxides and their 
use in polymerization, polymerization in the aqueous 
phase, physico-chemical studies on cellulose com. 
pounds, polyelectrolytes, studies on reaction kinetics, 
fractionation and distribution of polymers. Kinetics 
of the decomposition of peroxides, studies in co- 
solvency, non-aqueous titration, alkalimetric determ- 
ination of mercury, and measurements of dipole 
moment constituted some of the problems of study 
under general physical chemistry during the year. 
In the Department of Organic Chemistry, work was 
carried out in diterpenoids, dicyclic terpenes, steroids, 
polynuclear aromatic hydrocarbons and _ related 
subjects. The chemistry of co-ordination complexes 
and analytical chemistry were the two broad subjects 
for investigation by the research workers of the 
Department of Inorganic Chemistry. 

The complete Council of the Association is as 
follows: President, Hon. Sri C. C. Biswas; Vice- 
Presidents, Prof. S. K. Mitra and Dr. K.S. Krishnan; 
Director, Prof. M. N. Saha; Members, Prof. N. R. 
Sen, Dr. Atmaram, Dr. B. C. Guha, Dr. Triguna Sen, 
Prof. P. C. Mahanti, Sri Ramani Mohan Roy, Dr. 
J. C. Ghosh, Dr. Hiralal Roy, Dr. B. B. Dey, Dr. 
S. R. Bose, Sri J. M. Sen and Dr. D. N. Wadia; 
Trustee Member, Hon. Mr. Justice R. P. Mookerjee ; 
Nominees of the National Institute of Sciences of 
India, Dr. K. N. Bagchi and Prof. D. 8. Kothari; 
Nominees of the Government of India, the Secretary 
of the Ministry of Natural Resources and Scientific 
Research (or his nominee), the Educational Adviser 
to the Government of India (or his nominee), Sri 
C. S. Menon, and the Joint Secretary to the Ministry 
of Finance, Government of India; Nominee of the 
Government of West Bengal, Dr. D. M. Sen; and 
Professor Member, Prof. B. N. Srivastava. 


MELLON INSTITUTE, PITTSBURGH 
ANNUAL REPORT FOR 1953-54 


HE annual report of the president of the Mellon 

Institute, Dr. E. R. Weidlein, to the Board of 
Trustees for the year ended February 28, 1954*, 
refers to growth in the size of fellowships in operation 
and an increase in comprehensive fundamental pro- 
jects. Almost a quarter of the Institute’s expenditure 
of 4,375,712 dollars was spent on investigations in 
pure science in the Institute’s six research depart- 
ments and on eleven fellowships, 131 members of the 
Institute being engaged in pure science research 
projects. 383 members were engaged in the sixty- 
five fellowships in applied science, and, of forty-nine 
multiple fellowships and twenty-seven individual 
fellowships listed as in operation during the year, 
two had been proceeding for forty years, five for 
thirty-five, one for thirty, ten for twenty years and 
twenty-five others for more than ten years. 

In the Department of Chemical Physics the Raman 
spectrum of dicyanoacetylene has been redetermined 
on a larger sample, using a new grating in the Raman 

* Scientific Research of Mellon Institute, 1953-1954. (Annual 


Report Series, No. 41.) Pp. iv+56. (Pittsburgh: Mellon Institute of 
industrial Research, 1954.) 
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spectrograph. The Raman-active fundamental 

tulated at 260 cm.-! in earlier work has now been 
observed at 263 cm.-!, and the vibrational spectrum 
of hexafluoro-A*-butyne has been interpreted in 
fairly complete detail. An extensive survey was 
made of the alkali metal content of calcite marbles 
by emission spectrographic analysis, and an earlier 
photographic technique for the study of the dif- 
fraction structure of carbon black has been replaced 
by a speedier and more accurate X-ray spectro- 
metric method, in which the monochromatization of 
the X-ray beam is achieved through the low 
sensitivity of the argon-filled Geiger tube for the 
short wave-lengths of the white radiation, and a 
small residual correction made empirically. An 
improved quantitative method has been developed 
for measuring crystallinity in elastomers, and an 
instrument has been constructed for the precision 
measurement of linear distances on diffraction films. 

In the Physical Chemistry Department the Mellon 
Institute digital computer was being built for a new 
Department of Applied Mathematics, and is of the 
low-speed magnetic drum type with large storage 
capacity. At the end of the year this Department 
was combined with the Department of Physical 
Measurements, which has been responsible for several 
advances in the application of thermal diffusion to 
the separation of organic liquids, and has recently 
modified the gas-adsorption apparatus so as to 
permit the use of krypton or argon-gas for surface- 
area measurements of materials with low area. In 
the Department of Instrumentation a method has 
been devised for the determination of humidity based 
on the titration of a concentrated solution of lithium 
bromide with water until the solution humidity 
balances the atmospheric humidity, and a preliminary 
study made of the electrical pulse transmission 
characteristics of sodium chloride solutions. 

A programme of research on drug standards which 
has been continued for twenty-three years in the 
Department of Organic Chemistry has now been 
divided, leaving the Department responsible for 
aromatic chemicals and surgical supplies. It is hoped 
now to turn attention to the development of sys- 
tematic schemes for distinguishing chemically the 
individual analogues in groups all of which possess 
therapeutic value,.and to the investigation of the 
use of heteropoly inorganic acids in the determination 
of organic bases. In the Division of Analytical 
Chemistry an attempt was being made to develop a 
scheme of analysis for sulphur compounds in crude 
oil and petroleum fractions, while the study by the 
Division of Microbiology and Microscopy of the 
bacteriology of bituminous coal-mine effluents has 
given a clearer understanding of the bacterium 
responsible for increasing the formation of acid from 
sulphuritic materials associated with bituminous coal. 

Among the investigations of the pure science 
fellowships noted in the report may be mentioned 
those on techniques for ascertaining the quantitative 
distribution of pollution from industrial or other 
sources over large geographical areas, in which, for 
example, an hourly dust-fall sampler was developed, 
and the work on simpler and more reliable apparatus 
and techniques for measuring dust loading in stack 
gases. Results already obtained in a long-range 
investigation in the toxicological laboratory have 
demonstrated that the acute toxic effects of fine 
synthetic and natural inorganic particles may be of 
fundamental importance in explaining the action of 
fine particles on lung tissues. Zinc dust fires and 
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zinc losses in metallizing operations were under 
investigation to learn why frequent fires occurred in 
the dust-collector system, and to see if zinc losses 
through the dust collector could be reduced. Pre- 
liminary studies were made in the pharmacology of 
eighty newly available chemicals and more advanced 
investigations on thirteen other compounds likely to 
be retailed. The plastisol shoe-pillar devised under 
the multiple fellowship on orthopedic appliances has 
relieved some two hundred cases of foot distress, an 
improved knee lock has been developed for an 
aluminium tubular brace, and the project on the 
traction brace has supplied a means of walking for 
persons with missing or dislocated hip joints. 

Fundamental researches in glass science have 
included the design and assembly of microwave 
spectrographic equipment for following paramagnetic 
resonance absorption, the- spectrophotometric study 
of the colour centres of irradiated natural crystalline 
silica samples, and the study of glass surfaces. Under 
the multiple fellowship on the properties of synthetic 
rubber, increased attention has been given to mols- 
cular size, chain stiffness and the extent to which 
the long-chain molecules may deviate from linearity 
because of branching. A semi-quantitative method 
has been developed for estimating the degree of 
branching in diene polymers, and research on the 
dynamic and flow properties of concentrated solutions 
of polymers has resulted in a theory of flow of visco- 
elastic materials which accounts for non-Newtonian 
viscosity, dynamic behaviour and the ‘normal stress’ 
or Weissenberg effect. The fellowship on artists’ 
materials has succeeded in isolating factors involved 
in the ageing of spirit varnishes and in developing 
materials superior in each respect. Under the multiple 
fellowship on computor components two novel devices 
for storing binary information were developed and 
tested, and the non-linear voltage-current character- 
istics of semi-conducting materials were further 
applied in constructing complete logical switching 
circuits. 

Researches under the applied science fellowships 
included the development of an improved synthetic 
lubricant for horological instruments ; the improve- 
ment of selenium power rectifiers ; the development 
of improved methods for testing the effect of 
weathering on glazes and coating materials for 
bricks and tiles, and of a more satisfactory method 
for determining the refractoriness of materials used 
in industrial furnaces; and studies of the dynamic 
properties of glass at temperatures in the trans- 
formation region, which point to the possibility of 
manufacturing glass with a permanently oriented 
structure. The ceramic chemicals fellowship has 
concentrated its effort on simplifying enamel formu- 
lations so as to determine more precisely the effects 
of varying amounts of single components and of 
combinations of two or more components. Under 
the abrasive grinding wheel programme, investigation 
of factors which influence residual stresses in ground 
surfaces of tool steel has been extended to a study 
of the effect of grinding severity on residual stresses 
in ball-bearing steel. Another fellowship is exploring 
the chemical behaviour of silicon carbide with the view 
of finding new uses for this compound ; the chemical 
storage fellowship has investigated widely the storage 
of aminoethyl alcohol, lard, tallow, raw sewage 
sludge, calcium carbonate and acetylene, and much 
work was done on the cause of cracking in making 
welded joints and on the properties of the metal in 
welded joints. Further progress is reported in the 
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development of the icosasphere, a new type of 
spherical tank, and research continued on com- 
ponents for supersonic wind tunnels, as well as on 
the ‘Stypol’ resins, a series of liquid thermosetting 
materials devised by the Robertson multiple fellow- 
ship on protected metals. Research was started on 
the chemistry of the nickel sulphides, and the multiple 
fellowship on coal-waste control has recommended 
methods of constructing refuse piles that assure a 
desired degree of resistance to spontaneous, incidental 
or deliberate ignition and has studied in the field a 
number of methods of extinguishing refuse fires. 

The multiple fellowship on acid recovery has 
extended its scope to include the investigation of 
other wastes from the manufacture of steel, besides 
spent pickle liquor, and a survey of literature on the 
toxicity to aquatic and animal life of substances in 
streams and on tastes and odours has induced an 
investigation to determine whether a balance between 
phenol-consuming and phenol-producing organisms 
can result in a phenol equilibrium concentration. 
The chemical potentialities of pyridine were being 
studied, as well as the development of methods for 
the treatment and disposal of industrial wastes, the 
utilization of the ethylbenzene in aromatic petroleum— 
naphtha fractions for the manufacture of styrene, and 
the suitability of plastic pipe in a low-pressure dis- 
tribution system for natural gas. A study of the 
kinetics of the oxidation of lubricating oil has been 
leading to new concepts of the function of additive 
materials in the process, and work on hydrocarbon 
synthesis over catalysts of the iron group was being 
completed. Much effort was being given to the 
development of analytical techniques for detecting 
and determining the sulphur compounds of petroleum. 
Work continued on the composition of petroleum 
waxes and the relation between their composition 
and physical and engineering properties, and a theory 
has been formulated which relates the solubility of a 
gas in wax to the critical constants of both solvent 
and gas. 

A chemical study of the pyrrole pigments and their 
relations to the chlorophylls and hemins was resumed, 
while that of the chemical composition of petroleum 
waxes and petrolatums led to the devising of special 
analytical techniques for measuring the physical 
properties of small fractions. Further detailed 
research was conducted on the factors affecting 
absorbent efficiency in cane-sugar refinery operations, 
and experiments on the variation in composition of 
gases dissolved in purée fruit and vegetable products 
over prolonged storage confirmed that a fundamental 
reaction in discoloration is oxidation. Most of the 
end-products of the discoloration of fruit and 
vegetables are small enough to go through a dialysis 
membrane. Compositions containing piperonyl 
butoxide have now been shown to be safe and 
effective additions for protecting grain and other 
stored products from infestation by imsects. Zein 
emulsions have been obtained which low vis- 
cosity at high solid content and yield films comparable 
in clarity, gloss and resistance to water to coatings 
obtainable from alcoholic solutions. Investigations 
of industrial fabrics have centred on the improve- 
ment of dimensional stability and resistance to heat, 
water and chemicals, and those on alkyd resins indicate 
the value of 1: 3-dimethyl-2-hexenolide as com- 
ponent. Work on the utilization of non-ionic surface- 
active agents has progressed, and much was done on 
test methods for evaluating soil conditioners and on 
the utilization of vinyl resins and silicones. 
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ROTHAMSTED EXPERIMENTAL 
STATION 


REPORT FOR 1953 


N the annual report for 1953 of the Rothamsted 
Experimental Station*, it is apparent to the most 
casual reader that the research staff of the Station 
have been by no means idle during the year covered 
by the report. The rapid expansion in the scope of 
Rothamsted’s activities since the Second World 
War—there are at present approximately three 
hundred and seventy people actively engaged in 
research and administration—has necessitated an 
active building programme, and several new buildings 
are being provided to meet the more pressing needs 
for accommodation. 

In the Chemistry Department the assessment by 
laboratory and field tests of the agricultural value of 
water-insoluble phosphates is receiving attention in 
view of the attempts made by manufacturers to 
economize in the use of sulphuric acid for phosphatic 
fertilizer production. In general, the outstanding 
merits of water-soluble phosphates on most classes of 
land have again been evident, particularly when used 
as a starter dose placed close to the seed; but on 
some soils and with certain crops, various forms of 
insoluble phosphates have yielded results comparable 
to superphosphate. On all classes of soil, with 
potatoes and swedes, dicalcic phosphate in finely 
divided form gave results only slightly inferior to 
superphosphate ; silicophosphate gave good results 
with potatoes on very acid soils, but was markedly 
less effective on moderately acid and neutral soils. 
On the other hand, ‘Gafsa’ phosphate was ineffective 
for potatoes on even very acid soils. All three forms 
gave good results with swedes. Experiments with 
nitro-phosphates indicate that the phosphate in these 
compounds has a value akin to that in high-soluble 
basic slags. 

Work on fertilizer placement with potatoes 
indicates that with moderate dressings better results 
follow when the fertilizers are placed than when 
broadcast; the reverse is the case when heavy 
dressings are applied. With horticultural crops— 
lettuce, cabbage, beetroot, broad beans and runner 
beans—better results are obtained by placement of 
fertilizer. 

In the Physics Department, work on the crumb 
structure of soils continues, and a technique for 
measuring the resistance of crumbs to dispersion 
developed. Using this technique on grass and 
lucerne plots sited on a field that had been under 
arable cultivation for many years, it has been estab- 
lished that two to four years under grass has 
materially improved the cohesion of the surface 
crumbs. By using a deep-rooted crop to dry out the 
subsoil during the summer, the permeability of heavy 
clay soils during the winter months may be improved, 
@ point of practical importance to those concerned 
with drainage of heavy clay soils. 

A simple method for measuring the deficit of 
divalent ions in soils flooded by sea water has been 
devised and will be used for estimating the dressings 
of gypsum needed on such land to prevent breakdown 
of crumb structure during the next few years. 

The production of antibiotics in the soil by certain 
Actinomycetes and their influence on combating 


° Reaest of the Rothamsted Experimental Station for 1953. Pp. 
228. (Harpenden: Rothamsted Experimental Station, 1954.) 7s. 6d. 
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root-infecting fungi is being studied by the Soil 
Microbiology Department. Such antibiotics tend to 
be adsorbed and rendered inactive by certain soil 
constituents, particularly the clay fraction, and 
attempts are being made to ascertain which Actino- 
mycete antibiotics are least affected in this way and 
to measure their activity in various types of soil. 
Pot experiments have definitely confirmed that root 
rot by Helminthosporum sativum is significantly 
reduced by some of the Actinomycete strains. 

The work on the nodule organisms of legumes has 
reached an interesting stage. The number of nodules 
developing on the root is apparently determined 
more by the susceptibility of the root to infection 
then by the population of the nodule bacteria sur- 
rounding it, and in the case of clover it has been 
shown that hereditary factors influence the time at 
which the nodules first appear, the number of nodules 
produced and their effectiveness im fixing nitrogen. 

In the Botany Department it has been established 
that some of the ill effects of excess of manganese, 
vanadium and molybdenum may be prevented by 
increasing the supply of iron, and farmers troubled 
with wild oat infestation will learn with interest that 
the sowing of winter corn instead of spring corn will 
result in lessened germination, and production, of new 
seeds by this plant pest. 

Heat therapy as an aid in the control of plant 
viruses has received the attention of the Plant 
Pathology Department, with variable results. It 
would appear that viruses of spherical shape are 
inactivated by heat treatment but not rod-shaped 
viruses. Much information on other aspects of virus 
infection is contained in the report. 

The study of enzyme action is the main concern of 
the Biochemistry Department. Special attention is 
being paid to ribonuclease in view of the fact that 
every plant virus hitherto obtained in a pure state 
has proved to be a ribonucleoprotein. Oxidative 
enzymes are also being studied, since plant hormones 
and growth regulators are subject to enzymatic 
oxidation, and such enzymes by their effect on the 
concentration of these substances may play a@ part in 
the regulation of plant growth. The enzymic break- 
down of cellulose and chitin is also receiving attention. 

Eelworms, which are becoming an_ increasing 
menace to cereal and potato growers, are being 
intensively studied by the Nematology Department. 
In attempts to combat this pest, endeavours have 
been made to discover resistant crop varieties and 
suitable crop rotations for infected land. One spring 
and two or three winter oat varieties appear to be 
resistant to stem eelworm attack, but no com- 
mercial variety of potato resistant to potato tuber 
eelworm was discovered. Attempts are being made 
to obtain resistant varieties by crossing commercial 
strains with Solanum indigenum, which is resistant to 
eelworm attack. Work is also in progress on root 
diffusates which stimulate the hatching of eelworm 
cysts, and on the control of eelworm by the applica- 
tion of chemicals to infested soils. 

In the Entomology Department the work on insect 
migration, on the influence of weather on insect 
populations, on gall midges of economic importance 
and on aphid problems has continued. Three points 
of interest may be singled out: lepidopterous larve 
apparently develop and grow more rapidly when 
crowded together than when solitary ; aphids do not 
normally reproduce unless they have previously made 
a flight, however brief; and wheat bulb flies have 
been successfully bred under laboratory conditions. 
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The Bee Department’s report contains much of 
importance to apiarists. The fumes produced by 
adding small quantities of ammonium nitrate to 
burning smoker fuel provide a simple anzsthetic for 
use when transferring bee colonies from one site to 
another a short distance away, since on recovery the 
bees lose their tendency to drift back to the original 
site. The known ability of worker bees to cluster 
together when dispersed in an area in total darkness 
is associated with their search for warmth and food, 
and, if a queen is present, for ‘queen substance’. 
Queen honey bees secrete on all parts of their bodies 
this ‘queen substance’ which is eagerly sought for by 
the worker bees, and is considered to be most im- 
portant in the maintenance of colony cohesion. A 
temporary shortage of supply of this substance or a 
breakdown in its distribution leads to toleration by 
the workers of eggs and larve in the queen cup cells 
and @ consequent tendency to swarm. The report 
contains suggested rules, based on this work, to be 
followed when introducing to colonies mated queens 
of any age or strain. 

The Insecticides and Fungicides Department has 
continued its work on particle size and toxicity of 
suspensions of contact insecticides, and on insect 
esterases and their inhibition by organo-phosphorus 
compounds. The work on the relationship between 
the insecticidal activity and the chemical cor- 
stitution of pyrethrin-like compounds has now 
reached an important stage. By means of displace- 
ment chromatography four known active con- 
stituents have been separated from each other and 
from some inactive constituents of pyrethrum 
extract, and their relative toxicities compared. The 
report also contains much useful information on bio- 
assay techniques, toxicity-persistence of insecticidal 
deposits, the mechanism of the selection of strains of 
insects resistant to insecticides, and, in the field, on 
the control of Aphis fabe on field beans, control of 
the vectors of potato virus and control of wireworms. 


CITY MUSEUM, BRISTOL 
REPORT FOR 1953 


HE two well-produced and excellently illus- 

trated booklets*—the annual report of the City 
Museum, Bristol, for 1953 and the new handbook to 
Stratford Mill in Blaise Castle House Folk Park— 
bear unmistakable testimony to that invaluable 
tripartite combination, an appreciative committee, 
an understanding and far-seeing director and a loyal 
and enthusiastic staff. 

The inside of the cover of the Museum report 
details activities and offerings of specimens, col- 
lections and services of which Bristol can justly be 
proud, and the report shows the gratifying and 
growing response received. The main duty of the 
Museum is rightly taken to be the portraying of local 
history and local natural history, and the commend- 
able progress made is recorded in the succeeding 
departmental reports. Rearrangement of the col- 
lections is being made to bring the exhibition series 
into accord with both modern scholarship and 
contemporary museum display methods. The new 


* City Museum, Bristol. Report of the Committee for the Year 


ded 31 December, 1953. Pp. 16+2 plates. 
oMStratford Mill in Blaise Castle House Folk Park. Pp. 8+2 plates. 6d. 
(Bristol: City Museum, 1954.). 
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gallery of geology has been opened, and the famous 
series of Lias and Inferior Oolite ammonites in the 
Tutcher Collection classified and labelled. Popular 
study of botany has been encouraged by the wild 
plant table throughout three of the seasons, while 
even winter had its offering of displays of twigs. 
British birds and their nests have been prepared for 
exhibition, while for students accessions include skins 
of mammals and birds from the region and the Marle 
collection of shells, many from the district. 

The work of the department of archzology ranges 
from salving small Romano-British relics to erecting 
“an unclimbable fence” around the Roman villa at 
Kings Weston, and one wonders if there is any con- 
nexion between this and the reference to the unruly 
behaviour of certain young visitors on Sunday after- 
noons—a time-honoured complaint that belies ‘“The 
better the day, the better ...’. Bristol played its 
part during the year by organizing an administration 
course for students for the Museums Association 
diploma, and in its turn sending members of its own 
staff to technical courses elsewhere. Twertty major 
temporary exhibitions were staged in the Museum, 
3,420 cases of specimens were circulated to schools, 
ete., and 8,118 children attended for lessons—an 
entirely creditable performance. 

The little handbook to Stratford Mill, costing six- 
pence, gives on art paper some five pages of text on 
the history and mechanism of corn-mills in general, 
and this one in particular, together with a photo- 
graph of the mill on its new site and an attractive 
drawing of its working parts. May we have others 
on the thatched dairy and the gypsy caravan ? 


BLUE HILL OBSERVATORY OF 
HARVARD UNIVERSITY 


HE report of the visiting committee to the 

Blue Hill Meteorological Observatory, Harvard 
University, Milton, Mass. (Reprint No. 7, 1953), 
includes the activities of the Observatory over the 
previous five years. During this period the facilities 
of the Observatory have had many users, among 
which may be noticed not only students working on 
research problems but also a number of Harvard 
departments, the United States Weather Bureau, the 
United States Air Force, the Massachusetts Institute 
of Technology, Clark University, Illinois State Water 
Survey, American Meteorological Society, Woods 
Hole Oceanographic Institution, Mt. Wilson Observ- 
atory, the Lowell Institute’s Cooperative Broad- 
casting Council Station WGBH, and various business 
corporations and local towns. 

The work of the Observatory staff is concerned 
with the following topics: evaluation of the Blue 
Hill and other climatic records, especially as indi- 
cators of climatic change ; development of statistical 
aids to the forecasting of snow-storms for Greater 
Boston ; designing and comparing station equipment 
and exposures; researches concerning clouds and 
the physics of precipitation; training of graduate 
students; and improvement of the library and its 
service. A very complete and mostly automatic 
record of the weather has been kept since the winter 
of 1884-85, when it was started by Abbott Lawrence 
Rotch. A record kept of the temperature in Milton 
by the Rev. A. Breck from 1849 has supplied further 
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data on temperature conditions, and it appears tat 
during the past hundred years there has bee a 
remarkable amelioration of the climate. In recog. 
nition of the value of the Observatory’s current work 
on climatology, the United States Weather Bureau 
is supplying it with standard instruments, broad- 
casting its monthly data and publishing its recoids, 
Under instrumentation is included an account of the 
work of Dr. Wallace E. Howell and Mr. John H 
Conover in designing and testing new instrum« nts 
for Blue Hill and other institutions. In research on 
clouis and precipitation, work was carried out at 
Blue Hill before Schaefer’s experiment in November 
1946 of dropping solid carbon dioxide on a cloud of 
supercooled droplets to make snow, and a@ month 
after this Dr. W. E. Howell successfully repeated the 
experiment on Mt. Washington. 

Finally, mention must be made of the Observatory’s 
Library, which is widely used by professional metvor- 
ologists all over the country, but particularly in the 
large group in Boston ; so great has been the demand 
for the Observatory’s research publications that Blue 
Hill has always received on an exchange basis the 
publications of weather services, universities, research 
stations or institutes and individuals from all over 
the world. 


THE COLLECTION OF DATA FROM 
FIRMS 


HE research workers who need to collect data 

from firms cover a wide range of studies and use 
the data for many different purposes. As, neverthe- 
less, they have many difficulties and problems in 
common, the Acton Society Trust held a conference 
on April 28 on “The Pitfalls in the Collection of 
Data from Firms’’, at which twenty-three research 
workers attended, drawn from universities, national 
research organizations, government departments, 
co-operative research associations and private in- 
dustry. They included economists, psychologists, 
sociologists, statisticians and some whose particular 
speciality it would be hard to define. 

After the formal opening of the conference by Mrs. 
Honor Croome, Dr. T. E. Easterfield (Department of 
Scientific and Industrial Research) opened the first 
session with a discussion of some of the main sources 
of error in data obtained from firms. The firm’s own 
records may not be kept correctly, or may be kept 
in a form suitable for its own needs but misleading 
to the research worker. Information supplied in 
reply to questionnaires is particularly unreliable, as 
even the simplest question may not fit every case 
and may be misunderstood in many different ways. 

The second morning session was opened by Mr. 
Stafford Beer (Samuel Fox and Co.), who spoke of the 
pitfalls found in data by workers doing research inside 
industry. Many seemingly excellent data are derived 
from notebooks and scraps of paper filled up by the 
semi-literate. Measurements may be given a mis- 
leading appearance of accuracy by being recorded to 
too many significant figures. Nomenclature may 
also be misleading, the same words being used in 
different senses in different places. But the worst 
source of error is the pure blunder: Mr. Beer himself 
recently reached some quite wrong conclusions by 
analysing a column giving furnace numbers under 
the impression that it gave the number of ingots in 
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the furnace. The best way of avoiding these errors, 
he said, is to record the data oneself, or to control 
the recording. This makes it especially necessary for 
the research worker to have technical knowledge 
of the industry he is studying. Mr. Beer thought the 
use of automatic recording devices to be necessary if 
human error is to be eliminated. 

In the afternoon, Mr. W. F. Luttrell (National 
Institute of Economic and Social Research) described 
his methods of collecting economic data. He said 
that the sending of questionnaires is useful only for 
collecting figures already kept in an agreed form, 
and even then visits to firms are often necessary. In 
all other cases data must be gathered personally. 
Mr. Luttrell starts to work in a firm by meking a 
list of all the records which can possibly bear on the 
matter being investigated. Where the records do not 
show what is wanted, it is often possible to get it 
from the notebooks in which the deta were first 
recorded ; but these may have been destroyed. The 
notebooks are also useful for test checks—to show 
how the records derived from them are compiled. 
The cost records of firms are seldom suitable for 
research as they stand; it is quite common, for 
example, for overhead costs to be allocated in an 
arbitrary and distorting way, perhaps by a fixed 
percentage addition to labour costs. A further source 
of bias is the greater readiness of firms to give 
information about successes than about failures. The 
last session was opened by Mr. J. D. Handyside 
(National Institute of Industrial Psychology), who 
stressed the large amount of work involved in the 
various methods of avoiding errors suggested by 
other speakers. 

The conference as a whole showed that a method- 
ology of research on industry has grown up which 
cuts across the normal boundaries of a number of 
disciplines. It also showed that the data produced 
by industry to-day are not sufficiently accurate to be 
worthy of the elaborate methods developed by 
theoretical statisticians. 


SIPHONOPHORA OF THE INDIAN 
OCEAN 


Neh rn and taxonomy of the Coelenterata 
J continue to interest zoologists even in this 
period when the concern of the majority is experi- 
mental. Since the War three major monographs 
have been published in Great Britain alone. The 
life-work of the late Cyril Crossland culminated in 
his report (edited by A. K. Totton) on the Madre- 
poraria, Hydrocorallinae, Heliopora and Tubipora of 
the Great Barrier Reef Expedition. Following in the 
footsteps of Ellis, Forbes, Allman, Hincks and 
Browne, E. S. Russell has produced his admirable 
“Medusae of the British Isles”. Now A. K. Totton 
renders no less service by the work here reviewed*. 

Opportunity has been taken not only to study and 
report on collections made by the Discovery II in 
1935, 1950 end 1951, but also those made by the 
John Murray and other expeditions since 1933, eight 
collections in all. We gain some idea of the labour 
involved, and so of the stimulating enthusiasm 

* Discovery Reports. Vol. 27: Siphononhora of the Indian Ocean, 
together with Systematic and Biological Notes on Related Specimens 


from other Oceans. By A. K. Totton. hie 1-162 + plates 1-12. (Cam- 
bridge; At the University Press, 1954.) 60s. net. 


‘manifestations, 
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inspired initially by study of H. B. Bigelow’s 
‘Albatros’ Report on the Siphonophora. “‘For many 
years now’’, the author informs us, “I have been 
occupied with the laborious task of picking out 
hundreds of thousands of fragmentary specimens 
from plankton samples and of trying to form some 
idea, of how many species are represented, and then 
attempting to apply old specific names and, where 
none are available, giving new ones’. And agein, 
“One may search for a very long time before being 
lucky enough to find a really well-preserved specimen, 
or a larval or other much desired stage, of some par- 
ticular species. . There is also the inherent diffi- 
culty of dealing with fragmentary specimens. Agen, 
many of the species occur in two phases... .’’. 
Meanwhile in the Discovery collections alone there 
are thousands of still unexamined plankton hauls. 

The suspected wide distribution of Siphonophores 
is confirmed ; no species would appear confined to the 
Indian Ocean or, apart from purely antarctic species, 
excluded from it. There is great restriction of species 
within the Red Sea, as there is in the Mediterranean 
in comparison with the Atlantic, and probably for 
similar reasons, namely, outflow of deep water over 
the sill and high minimum temperatures in deep 
water. 

Attempts to interpret the extraordinary com- 
plexity of structure in the Siphonophores, on the 
success of which must depend final conclusions about 
classification, raise what are among the most per- 
plexing, if not the most perplexing, problems in 
zoology. The fantastic development of polymorphism 
probably involves, apart from precocious budding, 
both neoteny and early manifestation in ontogeny 
of structures or individuals which appeared late in 
phylogeny. Totton pays tribute to the morphological 
acumen of Garstang, who made fundamental con- 
tributions by revealing that the ‘medusome’ theory 
of Haeckel is untenable and that the pelagic habit of 
the Siphonophores probably represents prolongation 
of an actinula-like larval phase. 

Unfortunately Garstang failed to realize the extent 
of the dissimilarity between the Chondrophora 
(= Disconanthae) comprising Velella, Porpita and 
Porpema and the Siphonophora (= Siphonanthae). 
As Totton clearly shows, these represent distinct 
orders, not suborders. The former are really floating 
Tubulariid hydroid-phases of inconspicuous Codonid 
medusae. The ancestral Siphonophora, on the other 
hand, had probably a larval polypoid stage and an 
adult medusoid stage, both, in various structural 
eventually making simultaneous 
appearance in the same colony. 

This is a beautifully produced report, admirably 
illustrated by text-figures and plates, a credit alike 
to author and to publisher. C. M. YoncE 


THE CYTOCHROME b 
COMPONENT OF CHLOROPLASTS 


By Dr. ROBERT HILL, F.R.S. 


Department of Biochemistry and the Molteno Institute, 
University of Cambridge 


AVENPORT' isclated etiolated chloroplasts 
from barley seedlings grown in the dark and 
observed in them the spectrum of cytochrome f. As 
the chloroplasts in this case are developed to a size 
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and number epproaching those in the normal green 
leaf, this appeared to establish beyond doubt that the 
cytochrome f isolated from green leaves was not an 
artefact but was a characteristic component of the 
green cell. The chloroplasts of the etiolated barley 
leaves were found to contain also a cytochrome b 
component!? present in amount definitely larger 
than that of cytochrome f. The 6 component, which 
here will be designated b,, was autoxidizable in the 
chloroplast suspensions and did not combine with 
carbon monoxide. It was not found possible to 
remove it from the solid materiel in an unmodified 
form. It was easily modified by treatment with 
various organic solvents and then reacted with carbon 
monoxide. The position of the sharply defined 
a-band was visually estimated as 563 mu, and after 
modification either by reagents or by heating to 70° 
the «-band became broader and less sharp. It has 
been found that by treating chloroplasts from normal 
green leaves with acetone and suspending the 
chlorophyll-free residue in buffer at pH 7, on re- 
duction with sodium dithionite (Na,S,O,), the «-band 
corresponding with that of the b, component present 
is similar to that observed in the etiolated barley 
chloroplasts. An apparently identical 6, component 
was found to be present, together with cytochrome f, 
in Chlorella’. If the treatment of the chloroplast 
material with acetone is carried out rapidly in the 
cold, the «-band of 6, is sharp and carbon monoxide 
produces only a slight weakening effect on the 
absorption spectrum, showing that only a portion of 
the hzm reacts. Thus it was concluded that the rapid 
removal of the chlorophyll with acetone only modifies 
@ small amount of the b, component. In contrast to 
this, treatment of the Keilin—Hartree preparation of 
the cytochrome system with acetone at once destroyed 
the component b and allowed the resulting denatured 
hem protein compound to combine with carbon 
monoxide. This made it probable that. the b, com- 
ponent observed in the chloroplast differs from b in 
the normal cytochrome system. Experiments on the 
oxidation-reduction behaviour of cytochrome b,, 
when in equilibrium with the ferri—ferro—oxalate 
system, E,’h = zero‘, now confirm that it is different 
from the b component of the normal cytochrome 
system. 

Preparations of the chloroplasts from etiolated 
barley were made according to Davenport. They 
were suspended in 0-5 M ‘potassium oxalate and 
M/15 phosphate buffer at pH 7. Ferric iron was 
added to give a concentration of M/1,000, and part 
of the mixture was examined spectroscopically in a 
vacuum tube in absence of air. The mixture was 
then titrated in vacuo with a solution of ferrous 
sulphate (M/2). As soon as a minute amount of 
ferrous iron was added, there appeared to be almost 
complete reduction of cytochrome f ; but: no reduction 
of cytochrome 6, was observed. No reduction of b, 
could be detected until the logarithm of the ratio 
ferrous/ferric iron was equal to 0-16. The titration was 
continued and the amounts of b, reduced estimated 
by visual comparison with another portion of 
the chloroplast preparation reduced with sodium 
dithionite. The practicable limit was reached when 
the logarithm of the ratio of the ferrous to the ferric 
iron was equal to 1-1, and at this point the cyto- 
chrome 6, was about half reduced. In making these 
observations time was allowed for equilibrium to be 
approached, and the system was shown to be 
reversible with respect to the ferri-ferro—oxalate 
system. The result is shown in Fig. 1, where the 
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Oxidation-reduction equilibrium of cytochrome }, with 
the iron oxalate system at pH 7 and 20° 
©, Barley; ©, cabbage 


logarithms of the ratios of oxidized and reduced 
cytochrome b, are made equal in potential to the cor- 
responding values derived from the logarithms of the 
ratios ferric/ferrous iron in equilibrium. The results 
indicate that the E,’h of cytochrome b, at pH 7 is of 
the order of —0-06 V., and definitely more negative 
than the ferri-ferro—oxalate system. The character- 
istic potential of component b of cytochrome in a 
Keilin—Hartree muscle preparation was estimated to 
be nearly equal to that of the iron oxalate system. 

It was found that preparations of chloroplasts 
made from the pale yellow mesophyll tissue of 
cabbage hearts contained appreciable amounts of 
both cytochrome c and a in addition to the com- 
ponents f and 6,; thus considerable contamination 
with other cytoplasmic particles was probable. Such 
@ preparation, when examined in the presence of the 
iron oxalate system, showed a definite amount of a 
reduced b component when the oxidation-reduction 
potential was estimated as zero. If it was assumed 
that this corresponded to half-reduced cytochrome b 
of the normal cytochrome system present together 
with oxidized b,, the potential corresponding to half- 
reduced b, after further addition of ferrous iron was 
estimated to be —0-07 V. 

The chloroplasts thus contain a characteristic cyto- 
chrome component which is autoxidizable and which 
has, in the barley chloroplast preparation, an oxida- 
tion-reduction potential of about —0-06 V. The 
presence of cytochrome 6, could account for the 
experimentally observed reducing properties of 
chloroplast preparations when illuminated in the 
presence of certain hydrogen acceptors. As this 
cytochrome component can be readily reoxidized by 
molecular oxygen, it could limit the range of possible 
‘chloroplast reagents’ to those with characteristic 
oxidation-reduction potentials more positive, at 
neutral pH, than about zero volt (rH 14). The 
difference between the characteristic oxidation- 
reduction potentials of cytochrome f and 6, is 
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Fig. 2. Oxidation-reduction potentials of cytochromes f and b, 


in relation to the hydrogen electrode at pH 7. The arrows represent 
three hypothetical oxidation-reduction steps referred to in the text 


approximately equal to the difference between the 
potential of cytochrome f and the oxygen electrode. 
Davenport and Hill® pointed out thet the free energy 
of the reaction at pH 7: 


4f (Fett) + O, + 4H+ = 4f (Fe*+) + 2H,O 


(representing the oxidation of four equivalents of 
cytochrome f by one molecular equivalent of oxygen) 
was equal to the energy of one mol.-quantum of light 
corresponding to the maximum of the fluorescence 
spectrum of chlorophyll a in the plant. This is shown 
in the diagram, Fig. 2, where also the potential of 
b, is shown in relation to a second hypothetical 
oxidation-reduction step. If third step is postulated, 
this would correspond to a system the characteristic 
potential of which, at pH 7, would be slightly less 
than that of the hydrogen electrode. These three 
steps are sufficient to cover (in theory) the whole 
range of hydrogen transport required for photo- 
synthesis. The chloroplast re «tions in vitro observed 
up to the present time appear to cover the first and 
second steps only, and this limitation may be due to 
the ready oxidation of cytochrome b, by the oxygen 
liberated during the photochemical reduction of the 
hydrogen-accepting reagent. 

In the living cell, it seems possible that the cyto- 
chrome 6, may be in a nearly completely reduced 
state even though oxygen is being produced. With 
the leaves of the ‘golden varieties’ of certain plants, 
a sharply defined absorption band can be observed 
visually with the microspectroscope at 563 mu. 
When chloroplast preparations from the plants are 
examined, no absorption band can be observed in 
this position until the preparation is reduced with 
sodium dithionite ; in this condition, however, the 
absorption band is broadened towards the region 
of shorter wave-lengths. The absorption might then 
be due to the mixture of reduced cytochrome f and 
b,: if this is so, it would mean that in an illuminated 
leaf (of a golden variety) cytochrome 6, is reduced 
while cytochrome f is oxidized. This represents 
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obviously a definite amount of available chemical 
energy, as may be seen from Fig. 2. It should not be 
assumed at this stage, however, that cytochrome f 
and b, alone determine the course of the hydrogen 
transport. The fact that the absorption spectrum of 
the chlorophyll in a leaf shows a relative minimum 
in the region of the «-bands belonging to cytochromes 
of groups 6 and c makes the two particular cyto- 
chrome components (b, and f), in a few cases, 
accessible to direct observation in living cells. 

This work is part of a research programme sup- 
ported by the Agricultural Research Council. 

(June 23. 


1 Davenport, H. E., Nature, 170, 1112 (1952). 

? Hill, R., and Hartree, E. F., ‘‘Ann. Rev. Plant Physiol.”’, 4, 115 (1953). 

* Hill, = Northcote, D. H., and Davenport, H. E., Nature, 172, 948 
(1953). 


* Michaelis, L., and Friedheim, J. B., J. Biol. Chem., 91, 343 (1934). 
* Davenport, H. E., and Hill, R., Proce. Roy. Soc., B, 189, 327 (1952). 


EFFECT OF PITUITARY STALK 
SECTION ON LIGHT-INDUCED 
CESTRUS IN THE FERRET 


By B. T. DONOVAN and 
Pror. G. W. HARRIS, F.R.S. 


Department of Neuroendocrinology, Institute of Psychiatry, 
Maudsley Hospital, London, S.E.5 


T is well known that cestrus may be induced in the 

sexually quiescent ferret by artificially increasing 
the length of day during the winter months’. This 
response is dependent on increased anterior pituitary 
secretion of gonadotrophic hormone, since it is 
abolished by hypophysectomy*. The sensory recep- 
tors for the light stimulus appear to be the eyes, 
since animals with the optic nerves cut fail to respond 
to extra illumination’. 

Recent reports from the Department of Anatomy, 
University of Birmingham, have dealt with the 
anatomical pathways underlying the light-induced 
cestrous response. Thomson‘ has investigated the 
optic structures involved. His conclusion that the optic 
nerve fibres are essential for the response is in agree- 
ment with previous workers; but his experimental 
data are unsatisfactory owing to the techniques 
employed to blind the animals. The three methods 
used were : (i) section of the optic nerve fibres inside 
the sheath of the optic nerve; (ii) midline sagittal 
section through the optic chiasma ; and (iii) incision 
between the posterior margin of the optic chiasma 
and the anterior limit of the hypothalamus. From 
the neuroanatomy of the visual pathway there is no 
reason for believing that the animals subjected to 
the latter two procedures, at least, would be blind, 
and since the post-mortem examination of the brains 
of these animals has not been made (Thomson, per- 
sonal communication), this work is unconvincing. 

The pathway traversed by the light stimulus 
between the optic nerves and anterior pituitary 
gland is unknown. It is possible that the structures 
involved are nerve fibres passing from the optic 
tract into the hypothalamus, and the hypophysial 
portal vessels of the pituitary stalk. There is no 
good evidence of a direct secreto-motor nerve supply 
to the adenohypophysis®. 

Thomson and Zuckerman have reported the results 
of experiments in which the light-induced response 
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of ferrets was studied after section of the pituitary 
stalk. The pituitary stalk was cut by a buccal 
approach, and out of twenty-three animals so 
operated the stalk was found to be completely 
severed in seventeen. Two ferrets that reacted to 
the light stimulus by becoming cestrous were found 
to lack any vascular connexions between the median 
eminence and the adenohypophysis. On the basis of 
these two animals, the conclusion was drawn*’ that 
the hypophysial portal vessels do not form part of 
the pathway by which the stimulus reaches the 
anterior pituitary gland. 

In the present study, a temporal approach to the 
hypothalamus and pituitary has been used. This 
operative exposure has several advantages, for the 
present purpose, over the parapharyngeal or buccal 
route: (i) it permits an excellent view of the whole 
pituitary region, (ii) it allows the insertion of @ large 
waxed paper plate (5 mm. x 3 mm.) between the cut 
ends of the pituitary stalk, and (iii) it leaves a clean 
field in the pituitary region (intact skull base and 
dura mater), so that the microanatomy of the stalk 
area can be more easily studied at a later date. 

The pituitary stalk of twenty-four ferrets has been 
exposed by this method. In four animals the stalk 
was left intact, in six simple stalk section was per- 
formed, and in fourteen the stalk was cut and a 
paper plate inserted between the hypothalamus and 
pituitary gland. Twelve of these twenty-four ferrets 
became cestrous during the winter of 1953-54 when 
exposed to prolonged illumination. These included 
the four blank-operated control animals, five of the 
six subjected to simple stalk section and three in 
which a paper plate had been inserted. After killing, 
the vascular system was perfused through the aorta 
with 200 ml. diluted mandarin black indian ink 
(1 part ink: 3 parts distilled water), the head fixed 
in formalin, decalcified and a block of tissue con- 
taining the hypothalamus, pituitary gland and base 
of the skull embedded in low viscosity nitro-cellulose. 
Serial sections were cut at a thickness of 130-200 u 
(usually 160 u). In two cases the pituitary region of 
ancestrous ferrets with plates was dissected, without 
indian ink perfusion, and the gland placed in Susa’s 
fixative for more detailed cytological study. 

Histological examination of the pituitary region 
gave the following results : 

(a) The pituitary stalk had been successfully 
sectioned in all but the blank-operated animals. 

(6) The appearance of cestrus could be correlated 
with the presence of vascular connexions between 
the median eminence of the tuber cinereum and the 
anterior pituitary gland. These connexions were 
clearly visible in all eight stalk-sectioned ferrets that 
became cestrous. Study of the three animals in this 
group, in which plates had been inserted, showed 
that the plates had been misplaced (two were situated 
too anteriorly and one obliquely) and that vascular 
connexions had been re-established around the 
borders of the plates. No case of cestrus was observed 
in the absence of vascular connexions. 

(c) The ancestrous animals had few, if any, vascular 
connexions between the median eminence and 
anterior pituitary gland. The animals in this group 
(one simple section, and nine with plates) showed a 
well-marked primary plexus and a well-vascularized 
adenohypophysis. 

(d) Some atrophy of the pituitary gland occurred 
in all animals in which the stalk was sectioned. It 
may be seen from Table 1 that the posterior lobe of 
the stack-sectioned ferrets is less than 50 per cent 
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COMPARISON OF THE VOLUMES OF THE PITUITARY Gi ANps 
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group volume lobe lobe 
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the volume of the posterior lobes of the blank- 
operated animals, whereas the anterior lobe (pars 
distalis) has a volume of more than 75 per cent that 
of the controls. There was no correlation between 
the development of cestrus in the stalk-sectioned 
animals and the extent of anterior lobe atrophy. 
From these results it is concluded that the hypo- 
physial portal vessels form a necessary part of the 
pathway of the light-induced cestrous response in the 


ferret. This conclusion is in keeping with much 
previous work*®. The suggestion of Greep and 
Barrnett® that the disturbance of reproductive 


activity following section of the pituitary stalk is 
due to ischemic atrophy of the pars distalis is un- 
likely to be true for the rat, and can be eliminated as 
a possible explanation of the present results on the 
ferret. 

The conclusion of Thomson and Zuckerman® that 
light-induced cestrus occurs in the absence of nervous 
or vascular connexions between the tuber cinerewn 
and adenohypophysis may best be explained on the 
following grounds : 

(i) Their conclusion was based on the results 
obtained in only two animals. 

(ii) The surgical approach used by these workers 
(buccal route)!’ gives poor facility for placing plates 
between the cut ends of the stalk, and the plates are 

“with a few exceptions ... eliminated from the 
wound’’*. Further, this operation often results in 
anatomical disorganization of the pituitary stalk 
region, which complicates the final histological study. 

(iii) The microscopic study of serial sections 
through the pituitary—hypothalamic region was made 
after imbedding the specimens in wax and sectioning 
at 10 u (Zuckerman, personal communication). In 
our experience, it is necessary to imbed in ‘Celloidin’ 
and cut thick sections at 100-200 » in order to 
obtain a clear picture of the vascular anatomy. 

(iv) Through the kindness of Dr. Thomson and 
Prof. Zuckerman, we have had the opportunity of 
exemining sections through the pituitary region of 
one of their critical ferrets. Inspection revealed that 
a significant proportion of the visible blood vessels 
did not contain indian ink. Conclusions drawn from 
incompletely injected specimens must be regarded as 
unreliable. [June 15. 


1 Bissonnette, T. H., Proc. Roy. Soc., B, 110, 322 (1932) ; and others. 

* Hill, M., and Parkes, A. S., Proc. Roy. Soc., B, 118, 537 (1933). 

* Bissonnette, T. H., Res. Pub. Assoc. Nerv. Ment. Dis., 17, 361 (1938). 
Clark, W. E. Le Gros., McKeown, T., and Zuckerman, 8., Proc. 
Roy. Soc., B, 126, 449 (1939). 

* Thomson, A. P. D., Proc. Roy. Soc., B, 142, 126 (1954). 

5 Green, J. D., Amer. J. Anat., 88, 225 (1951). 

* Thomson, A. P. D., and Zuckerman, 8., Nature, 171, 970 (1953). 

7 Zuckerman, S., Lancet, i, 789 (1954); Pubb. Staz. Zool. di Napoli, 
24, 21 (1954). 

* Harris, G. W., J. Physiol., iit. 347 (1950). Harris, G. W., and 
Jacobsohn, Dora, Proce. Roy. § Soc., B, 189, 263 (1952). Benoit, J., 
and Assenmacher, 1., Arch. Ani. Micer., 42, 334 (1953). 

*Greep, R. O., and Barrnett, R. J., Endocrin., 49, 172 (1951). 

1° Thomson, A. P. D., J. Endocrinol., 8, 234 (1952). 
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LETTERS TO THE EDITORS 
The Editors do not hold themselves responsible 
for opinions expressed by their correspondents. 
No notice is taken of anonymous communications 


Composition of the Earth’s Outer Core 

ATTENTION has lately been given to the following 
set of four postulates : (a) the Earth, Mars and Venus 
have &@ common primitive composition; (b) com- 
pressibility is essentially a smoothly varying function 
of pressure at pressures beyond 0-4 x 10* million 
atmospheres in all three planets ; (c) the outer core 
of the Earth is a high-pressure modification of 
ultrabasic rock ; (d) each planet has an inner core 
chemically distinct from the matter in the outer core. 

With the use of an Earth model referred to as 
Model B?#, I showed?-* that this set of postulates 
yielded values of the mean densities of Mars and Venus 
and of the ellipticity of figure of Mars that were 
within the standard errors of the observational data 
available to me at the time. The purpose of the 
present communication is to direct attention to 
implications of revisions of the data in question, and 
to bring up to date a statement in my recently 
published book‘. 

I am indebted to Dr. G. P. Kuiper for kindly 
supplying me with the latest information on revisions 
of the astronomical data. He informs me that the 
most probable diameter of the solid surface of Mars is 
now about 3,330 km., as against 3,389 km. computed 
using postulates (a)-(d); also that estimates of the 
diameter of Venus are being reduced. In addition, 
Dr. Kuiper has informed me that it is innate in 
Woolard’s work® that, while the observed ellipticity 
of Mars is not sensibly changed from Struve’s value 
which had been used by me in my previous calcula- 
tions, the standard error of the determination has 
been reduced by roughly two-thirds. This has the 
effect of making the ellipticity calculated on the basis 
of (a)-(d) different from the observed value by about 
three times the standard error of the latter. 

The effect of these revisions is to demand some 
reconsideration of postulates (a)—(d), especially (c). 
A significant feature of the revisions is that they all 
point the same way. Examination of a diagram of 
Bullen and Low‘ shows that the influence of postulate 
(d) is to increase the computed mean diameters of 
both Venus and Mars above the values which would 
be yielded if the inner core were composed of iron 
silicate rather than of purely uncombined iron. The 
effect of this is to show that, given the masses of 
Mars and Venus and assuming the postulate (a), then 
increasing the assumed amount of uncombined iron 
in their cores diminishes the calculated diameters. 
Further, with the use of postulates (a)—(c), it had 
been found? that the assumption of (d) led to an 
estimated ellipticity of Mars of 1/188, as against 1/181 
if the inner core contained no uncombined iron. Thus 
increasing further the assumed quantity of uncom- 
bined iron in the core has the effect of bringing the 
estimated ellipticity of Mars closer to Woolard’s value 
of 1/191-8 (+ 4 per cent). 

On the assumption that the terrestrial planets have 
@ common primitive composition, all three of the 
astronomical revisions indicate that the Earth’s 
outer core is composed of a mixture of uncombined 
iron and of material the representative atomic number 
of which is smaller than that of iron. It is interesting 
that this conclusion finds support in two other inde- 
pendent investigations. In 1952, Birch’ concluded 
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that the density in the outer core “‘is perhaps 10-20 per 
cent lower than the density of iron or nickel-iron 
under the same conditions” ; Birch suggested alloying 
with other materials as a possible explanation of the 
discrepancy. Again, recent work of Knopoff and 
Uffen, kindly communicated to me in advance of 
publication, indicates a mean atomic number of 22 
for the region EZ, a value four units less than that 
for iron, six units less than that for nickel. 

The lighter material which seems to be present in 
the outer core may consist of material such as the 
rock fayalite. The latter may be in the form of a 
high-pressure modification as assumed in postulate (c), 
although Dr. W. M. Elsasser informs me (in 4 per- 
sonal communication) that there are serious theoret- 
ical difficulties in assuming an accompanying density 
increase in a ratio as high as 1-6, which is the ratio 
of the densities on the two sides of the boundary 
between the core and mantle of the Earth. It is 
possible that a more detailed calculation which I hope 
to carry out will throw some light on this question. 

An incidental point, of some cosmological import- 
ance, is that it still appears possible, by a suitable 
modification of postulate (c), to reconcile seismic and 
astronomical data with the hypothesis of a common 
primitive composition for the Earth, Mars and Venus, 
although further calculation is needed to confirm this. 
Such a result is important in that earlier work*® 
appeared to have excluded this hypothesis. More- 
over, there is little difficulty in adapting any model 
to bring the Moon into the same picture. Mercury 
remains an apparent exception ; but I have earlier 
suggested® that observations of the present-day 
Mercury may be inapplicable to the primitive Mercury. 

K. E. BULLEN 

Dominion Observatory, Ottawa, 

and 
University of Sydney. July 31. 


3 nee, S- E., Mon. Not. Roy. Astro. Soc., Geophys. Supp., 6, 59 
1950). 


* Bullen, K. E., Mon. Not. Roy. Astro. Soc., 109, 688 (1949). 

> Bullen, K. E., Mon. Not. Roy. Astro. Soc., 110, 256 (1950). 

* Bullen, K. E., “‘Seismology” (Methuen, 1953). 

* Woolard, E. W., Astron. J., 51, 33 (1944). 

* Bullen, K. E., and Low, A. M., Mon. Not. Roy. Astro. Soc., 112, 637 
(1952). 

7 Birch, F., J. Geophys. Res., 57, 227 (1952). 

ae, H., Mon. Not. Roy. Astro. Soc., Geophys. Supp., 4, 62 
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* Bullen, K. E., Nature, 170, 363 (1952). 


Proposal for a New Aéther Drift 
Experiment 


Ir is interesting to learn from L. Essen’s communica- 
tion! that the accuracy of measurement of frequencies 
in the 9,000 Mc./s. region attained at the National 
Physical Laboratory with existing equipment is high 
enough for the new ether drift experiment to be 
carried out. I understand that preparations have 
been made for the same purpose at the Zeeman 
Laboratory of the University of Amsterdam by F. 
Bruin, to whom I suggested the experiment last 
summer. 

May I point out that the experiment proposed by 
me? is not a repetition of the Michelson—Morley 
experiment, in which interference between progressive 
waves is observed. It is an experiment with standing 
waves, and resonance frequencies are measured for 
different orientations of the axis of the resonator. 

A fixed distance (‘axis’) between two parallel 
mirrors, moving with uniform velocity through the 
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zther of classical physics, represents a variable 
‘effective optical length’ for standing waves, depend- 
ing on the angle between that velocity and the axis. 
Therefore, according to classical optics it ought to 
be. impossible to keep the resonant frequency of a 
cavity resonator constant for any length of time if 
the resonator is fixed in a certain position in the 
laboratory ; for the orientation of its axis relative 
to the earth’s velocity with respect to the ether 
changes in the course of the day and the year. The 
resonant frequency would in general change periodic- 
ally between two limits during one stellar day, and 
the frequency-range would periodically expand and 
contract annually, reaching its greatest width when 
the directions of the earth’s orbital movement and 
of the movement of the solar system coincide. 

Analysis of records of frequency fluctuations of a 
stationary cavity resonator could in principle give 
information on whether an ether drift exists; but 
it is most probably not possible to keep the system 
free from external disturbances for a sufficient length 
of time. 

H. Lirrman FurtTH 
Chiskehurst, Kent. 
May 6. 

1 Essen, L., Nature, 173, 734 (1954). 
* Littman Furth, H., Nature. 178, 80 (1954). 


Transformation in a Titanium - Chromium 
Alloy 


In metallic systems which may undergo a diffusion- 
less (or martensitic) transformation on cooling, it has 
been found that transformation may also be induced 
above M; by plastic deformation under favourable 
conditions!. The phenomenon has been investigated 
exhaustively in steels and in one or two non-ferrous 
systems ; but its study in titanium alloys has received 
little attention up to now. Many titanium systems 
show a very interesting phenomenon in that a rather 
abrupt drop in M; occurs when the alloy content is 
increased above a certain critical value?. Such an 
effect is not to be expected from general thermo- 
dynamic considerations of the constitution diagrams 
and has been attributed to the occurrence of some 
form of stabilization*. To examine this in greater 
detail, an investigation was made of the effect of 
deformation on a titanium-—10 per cent chromium 
alloy, for which, according to ag of known 
data, Ms; should be about 200° C.*, although the 
alloy can be cooled down to — 196° C. without 
transformation occurring. 

The alloy used was arc-melted in an inert gas 
(argon) atmosphere and received in the fully £- 
condition, as metallographical and X-ray examination 
confirmed. Specimens about 75 in. x } in. x 3 in. 
were cut off under water and deformed by compression 
between two steel blocks ; low-temperature deforma- 
tion was carried out by surrounding the specimen 
and blocks with liquid nitrogen. X-ray examinations 
were made at room temperature using filtered copper 
Ka radiation and an aluminium foil 0-002 in. thick 
placed over the photographic film to absorb the 
secondary radiation. The surface of the specimens 
were electrolytically polished and set at an angle of 
20° to the incident beam, with an oscillation to 25°, 
in a cylindrical camera of 10 cm. diameter. 

Room temperature deformation (expressed in 
terms of true stress and strain) up to 20 per cent 
(corresponding to a stress of about 150 kgm./mm.?, 


NATURE 











September 1], 1954 vou. 17. 


210,000 psi) produced no transformation of the body. 

centred cubic structure. The diffraction pattern 
obtained from the electropolished surface of the 
specimen parallel to the compression axis showed 
only spotty body-centred cubic lines due to course 
grain size. The same result was obtained after a heat 
treatment of 42 hr. at 1,100°C. (to eliminate any 
inhomogeneity that might have existed in the alloy as 
received) followed by quenching in 20 per cent 
sodium hydroxide solution at.10°C., and then de- 
forming at room temperature. 

Similarly, deforming at — 196°C. until fracture 
occurred (at about 17 per cent strain and 175 kgm. 
mm.?, 250,000 psi) gave no definite evidence of trans- 
formation either, judging by the X-ray pattern from 
the fractured surface. By pre-straining (in com- 
pression), however, approximately 2 per cent at room 
temperature prior to the sub-zero deformation quite 
definite diffraction lines of the hexagonal close-packed 
structure were discovered in addition to those of the 
body-centred cubic structure ; the sub-zero deforms. 
tion was produced at — 196° C. by a stress not much 
above 200 kgm./mm.*? (300,000 psi), at which the 
specimen fractured (the amount of deformation could 
not be measured as the specimen fell apart on 
removing it from between the deformation blocks). 

These observations confirm that the $-phase is very 
stable thermodynamically, and in addition indicate 
that it has also considerable mechanical stability, 
which, however, may be influenced under certain 
conditions. 

This work was done at the Case Institute of 
Technology, and Prof. A. R. Troiano’s interest is 
gratefully acknowledged. 

H. M. Orre 
Columbia University, 

New York, N.Y. April 26. 

* Troiano, A. R., and Greninger, A. B., ‘“‘Metals Handbook, 1948”, 

263 (Amer. Soc. Metals, Cleveland). 

* Duwez, P., Trans. Amer. Soc. Metals, 45, 934 (1953). 


* DeLazaro, D. J., Hansen, M., Riley, R, E., and Rostoker, W.. 
Amer. Inst. Min. Met. Eng., 194, 265 (1952). 
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A Light Source for Kohler Illumination 


THE advanteges of K6hler illumination have 
recently been discussed by Barer and Weinstein’, 
and also the difficulties involved when a single 
auxiliary lens is used. They describe a new micro- 
scope lamp with a variable auxiliary lens-system 
which overcomes these difficulties. For most pur- 
poses, however, a single auxiliary lens can be used 
if a sufficiently largé and reasonably uniform light 
source is available. This can usually be obtained 
without serious loss of light if a piece of ground glass 
can be placed very close to the filament of a suitable 
car headlamp bulb or projector bulb ; but unfortun- 
ately, in most lamps, whether commercially available 
or home constructed, it is difficult to arrange this. 
A satisfactory method is to grind lightly a circular 
patch on the end of the bulb, using e mixture of fine 
well-worn ‘Carborundum’ powder and water on a 
glass plate. It is not suggested that this provides 
so versatile an illuminant as that described by Barer 
and Weinstein; but it does eneble an ordinary s0- 
called ‘research’ lamp to be used for Kéhler iliumina- 
tion with medium- and high-power objectives, while 
if the auxiliary lens is of large diameter it will also 
illuminate most of the field of low-power objectives. 

A bulb treated in this way is also very satisfactory 
with a field diaphragm as a source for ‘critical’ 
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illumination, and the grinding process then has the 
advantage of removing the maker’s name and other 
lettering which would otherwise be liable to appear 
in the field of view. 

O. V. 8. Heatu 

Research Institute of Plant Physiology, 
Imperial College of Science and Technology, 
London, 8.W.7. May 31. 

1 Barer, R., and Weinstein, W., J. Roy. Micr. Soc., 78, 148 (1958). 


Reaction of Stearic Acid Monolayers with 
Copper and Cuprous Oxide 


A NUMBER of workers have obtained results which 
indicate that only a portion of an adsorbed monolayer 
of stearic acid will react immediately with a copper 
substrate. (Of course, the reaction is actually with 
cuprous oxide since, at room temperature in air, all 
clean copper surfaces rapidly oxidize to cuprous 
oxide.) Bowden and Moore! studied this reaction 
by putting stearic acid monolayers on radioactive 
copper and measuring the activity which could be 
removed by extraction with benzene. They found 
that when they placed a Langmuir—Blodgett mono- 
layer of stearic acid on a copper surface and allowed 
it to stand for 18 hr. or heated it, only about 0-14 
atom of copper reacts for every molecule of acid in 
the monolayer. They interpreted this as signifying 
that their procedure lost 75 per cent of the cupric 
stearate activity, due to adsorption on their equip- 
ment, since reaction was presumed to be complete. 
Consequently, they adopted an empirical correction 
factor of 4. 

Since the present work was begun, this interpreta- 
tion was apparently refuted by Beischer’s work?, in 
which he found that, if radioactive stearic acid is 
placed on a clean copper surface and the surface is 
heated until reaction occurs, initially only about 
30 per cent of the stearic acid reacts. Here, there 
can be no possibility of the results being in error due 
to adsorption on apparatus since, in this technique, 
unreacted stearic acid is removed and the remaining 
stearic acid is measured. Therefore, Bowden and 
Moore are apparently mistaken in assuming that a 
Langmuir—Blodgett monolayer reacts completely. The 
molar ratio of copper to stearic acid (0-14-0-30) seems 
to indicate quite clearly that, in the initial reaction of 
the Langmuir—Blodgett monolayer, about 30 per cent 
of the stearic acid reacts to give cupric stearate. 

Bowden and Moore’s results on the reaction of 
copper with a benzene solution of stearic acid were 
difficult to interpret quantitatively in this fashion. 
Therefore, experiments were carried out to measure 
the exact extent of the initial reaction of adsorbed 
monolayers. Clean copper foils were weighed on a 
microbalance, immersed in a 0-1 per cent solution 
of stearic acid in benzene, and the excess stearic acid 
washed off with benzene. After drying, the foils 
were reweighed, the increment representing the 
weight of stearic acid adsorbed. The foils were then 
extracted overnight with benzene in Soxhlet extractors 
and the extracts analysed for copper using a colori- 
metric method with sodium diethyl dithiocarbamate’. 
The foils were then weighed again. Since the final 
weights were equal to the initial weights minus the 
amount of cuprous oxide removed, the extraction 
must have removed virtually all the stearic acid 
and soap. 

Analysis of the results indicated that the ratio of 
moles of copper reacted to moles of stearic acid 
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adsorbed was approximately constant and equal to 
0-26 + 0:04 for varying amounts of adsorbed acid. 
According to Preston and Bircumshaw‘, when copper 
is oxidized in air at room temperature, the preferred 
orientation is for the (111) plane_of the cuprous oxide 
to be parallel to the metal surface. In this plane, 
there is one copper atom for every 7:8 A.*. Since 
the cross-sectional area of stearic acid in a mono- 
layer is 21-0 A.?, each stearic acid molecule adsorbed 
on the cuprous oxide surface should have about 
2-6 copper atoms available to it for chemical reaction. 
Even if one takes planes at somewhat different angles, 
the amount of copper per unit area will be at least 
enough to furnish a copper atom for each stearic 
acid molecule. It is therefore difficult to understand 
why only about one-quarter of the adsorbed stearic 
acid reacts, since thermodynamic calculations in- 
dicate that complete reaction should occur. 

Of course, other planes will be exposed, and these 
may contain no copper atoms at all or may vary 
greatly in their rates of reaction with the monolayer. 
At present, however, no really satisfactory explana- 
tion’ of this phenomenon is available. 

It is also of interest to see if copper itself will react 
with adsorbed stearic acid. Tingle’ has shown that 
when a copper surface is cut under a 1 per cent 
solution of lauric acid in paraffin oil, the fresh metal 
surface has a high coefficient of friction, which 
indicates that no reaction takes place. The previous 
experiments were repeated under an atmosphere of 
hydrogen, using copper foils which had been reduced 
in hydrogen at 450°C. Blanks were run in the same 
way, merely omitting the copper foil. Application 
of the ¢ test to the results indicated that there was 
no significant difference between the blanks and 
the runs with copper. Thermodynamic calculations 
confirmed that metallic copper should not react with 
stearic acid in a non-oxidizing atmosphere. 

We are indebted to Dr. E. A. Gulbransen for 
illuminating discussions on surface oxides. A full 
account of this work will be published elsewhere. 

Atan Dosry 
Henry E. MAHNCKE 
Chemical Department, 
Westinghouse Research Laboratories, 
East Pittsburgh, Pennsylvania. March 16. 
1 Bowden, F. P., and Moore, A. C., Trans. Farad. Soc., 47, 900 (1951). 
2 Beischer, D. E., J. Phys. Chem., 57, 134 (1953). 
* Sandell, E. B.. ‘Colorimetric Determination of Sage ¥ Metals’’, 
309 (Interscience Pub., Inc., New York, 2nd edit., 1950). 
Sete a D., and Bircumshaw, L. L., Phil. Mag., vii, 20, 706 


* Tingle, E. D., Nature, 160, 710 (1947). 


THE interesting results on partial reaction of the 
monolayer quoted by Dobry and Mahncke are of 
general interest and do in fact support the earlier 
observations of Bowden and Moore!. Even allowing 
for the factor of 4, they found that with copper 
surfaces immersed in a benzene solution of stearic 
acid the initial reaction was very slow, and after an 
immersion time of 5 min. considerably less than a 
single monolayer of soap was formed (see their paper, 
footnote p. 904). After prolonged immersion, chemical 
attack was quite heavy and corresponded to the 
reaction of several molecular layers. Results of 


this type obtained with layers adsorbed from solution 
are probably more significant than those obtained 
with layers deposited from the Langmuir trough. 
The latter are often unstable and tend to collapse ; 
they appear to form bridges over the surface irregu- 
larities so that the area of molecular contact may be 
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considerably smaller than the area of coverage. With 
layers adsorbed from solution this is not so, though 
as Daniel? and Hirst and Lancaster* have pointed 
out, dilute solutions themselves may give less than 
a complete adsorbed monolayer. 

The difficulty of obtaining effective chemical 
reaction between adsorbed fatty acids and metal 
oxide surfaces has also been observed by Tingle‘, by 
Hirst and Lancaster and Lancaster and Rouse*. In 
general, the presence of water facilitates reaction, 
and it may be that the non-reactivity of reduced 
copper surfaces described by Dobry and Mahncke 
is due to this effect, rather than to the supposed 
absence of any oxide on the surface. 

The main observation that only about one-quarter 
of the adsorbed fatty acid molecules on a copper 
surface react (although there are numerous copper 
atoms available for complete reaction) could be ex- 
plained as a steric effect. The copper atoms in the 
111 face of the cuprous oxide crystal constitute a 
regular hexagonal array (crosses, Fig. 1) while the 
molecules in the basal plane of the fatty acid form 
a face-centred rectangular array (circles, Fig. 1). 
If an attempt is made to fit these lattices, it is found 
that the best fit (over a limited area) corresponds to 
the arrangement in Fig. 1 where only one out of 
every three rows of acid molecules is close to a copper 
atom. Thus if the surface consists of small cuprous 
oxide crystals and the acid is adsorbed as a close- 
packed film i limited mobility at room 
temperature, only 33 per cent of the molecules would 
be able to react. With prolonged immersion (or on 
heating), diffusion of the reacted molecules would 
enable further reaction to occur. This explanation 
must be treated very tentatively since the solid sur- 
faces are by no means atomically smooth, and in 
addition adsorbed long-chain monolayers often have 
appreciable mobility even at room temperature. If, 
however, this mechanism is valid, one might expect 
a different behaviour with other types of metal 
oxides. On the other hand, if, as the work of Hirst 
and Lancaster® suggests, the observation is mainly 
due to the effect of minute quantities of moisture 
on the surface or in the reagents, controlled experi- 
ments should readily reveal this. 

D. TaBor 
Department of Physical Chemistry, 
University, Cambridge. 
1 Bowden, F. Ae and Moore, A. C., Trans. Farad. Soc., 47, 900 (1951). 
* Daniel, S. Ph. D. Dissertation, Cambridge, 1949; Trans. Farad. 


Soe., 2. 1945 (1951). 
* Hirst, W., and Lancaster, J. K., Research, 3, 336 (1950). 
‘ Tingle, E. D., Trans. Farad. Soc., 46, 93 (1950). 
5 Hirst, W., and Lancaster, J. K., Trans. Farad. Soc., 47, 315 (1951). 
* Lancaster, J. K., 


and Rouse, R. L., Research, 4, 44 (1951). 
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Trapped Atoms and Radicals in a Glass 
‘Cage’ 


THE preparation of highly reactive free radicals 
and atoms in non-equilibrium concentrations high 
enough for their direct observation by physical 
methods has hitherto depended on the use of special 
rapid techniques such as that of flash photolysis, 
Here we describe a general method for the prepara. 
tion of these species under conditions which permit 
their observation at high concentrations for an 
indefinitely long period of time. The method in- 
volves the photolytic dissociation of a substance 
dissolved in a transparent rigid solvent at very low 
temperatures. The only related work which we have 
been able to find is that of Lewis and Lipkin, who 
showed that certain rather stable radicals, such as 
triphenyl methyl, could be detected after photolysis 
of the parent saturated molecule’. 

The essential conditions to be fulfilled if a reactive 
species, such as an iodine atom, is to be permanently 
isolated are: (1) diffusion to the vicinity of another 
atom must be prevented by using a very viscous 
solvent; (2) reaction with the solvent must not 
occur; such reactions are usually accompanied 
by appreciable activation energies and may therefore 
be avoided by working at a sufficiently low tempera 
ture. We have found that both conditions are ful- 
filled, for most radicals so far investigated, by using 
glasses formed from a mixture of hydrocarbons or 
from ether, alcohol and isopentane at the temperature 
of liquid nitrogen. 

The method was first tested in a very simple 
manner by irradiating a 10-* M solution of molecular 
iodine in a hydrocarbon glass at 86° K., using 
@ conventional high-pressure mercury arc. ‘The 
absorption spectrum of the iodine molecule occurs at 
a wave-length considerably less than that correspond- 
ing to the energy of dissociation to normal atoms, 
and it was believed that this energy might be 
sufficient to allow the atoms to diffuse apart through 
the rigid solvent by a process of local softening of 
the glass. Rapid dissipation of this energy would 
then result in a system of trapped iodine atoms. In 
complete accordance with this reasoning, we have 
found that, on irradiation, such an iodine solution 
becomes colourless throughout the visible and quartz 
ultra-violet regions of the spectrum and remains so 
indefinitely at 86°K. On softening the glass, by 
warming, the colour returns as the atoms recombine. 

Further experiments have established that the 
phenomenon is a very general one. The results of 
photolysis of a number of other substances in glassy 
solvents at liquid nitrogen temperatures are sum- 
marized below. 

(1) Ethyl iodide. On irradiation, the spectrum of 
ethyl iodide decreases in intensity; but no other 
spectrum appears. On warming, molecular iodine 
is formed and recooling has no further effect. We 
conclude that the iodine atoms have been trapped 
as before, and it seems probable that trapped ethyl 
radicals were also present. 

_ (2) Carbon disulphide. The first four bands of the 

= 0 progression of CS appear at very high in- 
seinstiyy after several minutes irradiation and can be 
observed for many hours. The spectrum is removed 
instantly on warming and cannot be detected 
during irradiation of an ordinary solution at 
room temperatures. In the gas phase, carbon 
disulphide disappears by polymerization in a few 
minutes*. 
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(3) Chlorine dioxide. ‘The spectrum of chlorine 
dioxide, which is mainly diffuse in the glassy solvent, 
is rapidly destroyed and replaced by a second diffuse 
spectrum the position of which agrees exactly with 
that of the ClO radical’. It has been shown‘ that 
the flash photolysis of gaseous chlorine dioxide results 
in the formation of ClO, the life-time of which at 
comparable concentrations to ours is only a few 
milliseconds. 

(4) Aromatic compounds. Porter and Wright have 
recently shown that the gas-phase photolysis of many 
single-ringed aromatic molecules results in the appear- 
ance of transient banded spectra with life-times less 
than 10-* sec., which are attributed to free radicals 
such as benzyl’. We have observed similar spectra 
from the same series of compounds for several hours 
after photolysis in rigid solvents. These spectra 
vanished completely on warming the glass, and were 
therefore readily distinguished from the spectra of 
permanent products. 

In all these examples the spectra were observed, 
with undiminished intensity, several hours after 
photolysis ; they were removed by softening the glass 
and did not reappear on cooling. 

This method should have many applications. It may 
be used for trapping the primary products of photo- 
chemical or radiation chemical processes for identifica- 
tion. It makes possible the measurement of properties 
such as infra-red spectra of free radicals, which has 
not hitherto been possible owing to the need for 
rapid recording. Bearing in mind the possibility of 
using still lower temperatures and other solvents, the 
method should be applicable to practically all free 
radicals which can be produced by photolysis. 

Full details of our techniques and results will be 
submitted for publication in the Transactions of the 
Faraday Society. One of us (I. N.) is grateful to the 
Fulbright Commission for a fellowship during the 
tenure of which this work was carried out. 

Irwin NoRMAN 
GEORGE PORTER 
Physical Chemistry Department, 
University of Cambridge. 
June 22. 
1 Lewis, G. N., and Lipkin, D., J. Amer. Chem. Soc. 64, 2801 (1942). 
* Porter, G., Proc. Roy. Soe., A, 200, 284 (1950). 
* Porter, G., Dis. Parad. Soc., 9, 60 (1950). 
* Lipscomb, F. J., Norrish, R. G. W., and Porter, G., 
press). 
* Porter, G., and Wright, F. J. (in course of publication). 
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Anhydrous Trifluoroacetic Acid as a Solvent 
for Proteins 


Ir has recently been reported! that liquid anhydrous 
fluoride is a powerful solvent. for a wide variety of 
proteins. It has now been found that the lower 
perfluoro-aliphatic carboxylic acids possess solvent 
properties for proteins very similar to those of hydro- 
gen fluoride. Thus it has been observed that tri- 
fluoroacetic acid (m.p. — 15-6° C., b.p. 72° C.) readily 
dissolves the proteins lysozyme, ribonuclease, trypsin, 
pepsin, crystallized egg albumin, bovine plasma 
albumin, bovine plasma globulin, edestin, peanut 
protein globulin, casein, zein, urease, uricase, blood 
fibrin, insulin, silk fibroin, hide collagen and rat-tail 
tendon. Solutions in the concentration-range 
20-30 mgm./ml. of the above proteins can easily be 
prepared at 25° C. Solutions of proteins in tri- 


fluoroacetic acid prepared in vacuo are clear and 
colourless ; 


on exposure to air, a purple colour 
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develops. Cytochrome c, hemoglobin and catalaes 
are also soluble; solutions of these iron-containing 
proteins are browner in colour than are the corre- 
sponding solutions in hydrogen fluoride. 

The physical properties of trifluoroacetic acid are 
such that dissolved proteins can be readily recovered 
either by direct evaporation or by lyophilization. 
Of the proteins listed above, ribonuclease, bovine 
plasma albumin, trypsin, lysozyme, insulin, cyto- 
chrome c, hzmoglobin, hide collagen and rat-tail 
tendon are recovered in a water-soluble condition. 
Recovered bovine plasma albumin dissolves readily 
in distilled water; the pH of such a solution can 
be adjusted to neutrality without precipitation of 
protein, and the recovered material yields a pattern 
on ultracentrifugation identical with that of the 
starting material. Cytochrome c recovered from 
trifluoroacetic acid gives a typical ferricytochrome 
spectrum in aqueous solution; this solution can 
readily be reduced to ferrocytochrome c with sodium 
hydrosulphite. Cytochrome c recovered from hydro- 
gen fluoride, on the other hand, although still water- 
soluble, can neither be oxidized nor reduced. 

Perfluoropropionic and perfluorobutyric acids be- 
have like trifluoroacetic acid except that proteins are 
dissolved at a much slower rate, especially by per- 
fluorobutyric acid. The lower perfluoro-aliphatic 
carboxylic acids are all reasonably volatile and can 
be handled in ordinary glass apparatus. They there- 
fore pose much less serious experimental problems 
than does the manipulation of hydrogen fluoride. The 
experiments described here were all carried out on a 
conventional glass vacuum line with the solvents © 
transferred by vacuum distillation. 

As in the case of hydrogen fluoridé, these media 
lend themselves to the carrying out of chemical 
reactions on proteins, and reactions on proteins using 
nitrogen dioxide, hydrogen peroxide and _ trifluoro- 
acetic acid anhydride, as well as other reagents have 
been carried out. It has further been observed that 
hydrogen fluoride and trifluoroacetic acid are miscible 
in all proportions with each other and with sulphur 
dioxide in the liquid phase. While most proteins are 
substantially insoluble in pure liquid sulphur dioxide, 
mixtures of sulphur dioxide and hydrogen fluoride, 
or sulphur dioxide and trifluoroacetic acid are very 
good solvents, even when the sulphur dioxide is 
present in large excess. These mixed solvent systems 
may be of special interest in protein fractionations 
and in the study of other high polymeric materials. 

A detailed description of these experiments is 
being prepared for publication elsewhere. 

JosEPH J. Katz 
Chemistry Division, 
Argonne National Laboratory, 

Lemont, Illinois. May 25. 

1 Nature, 178, 265 (1954); Arch. Biochem. Biophys. (in the press). 


Histology and Chemistry of Keratin 
Formation 


KERATINIZATION, by the holocrine transformation 
of epithelial cells, occurs normally in the mammalian 
epidermis, cesophagus, cestrous vagina, and thymic 
corpuscles. It accompanies abnormal epithelial 
transformations after cestrogen administration (in 
genital organs), in vitamin A deficiency, consequent 
to trauma (including radiation), and in certain 
cancers. The etiology of keratinization, which 
represents differentiation by organized cell deaths, 














(1) Transverse section through —_ 
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Note distinct stratum 
x 175. 


(2) Transverse section through esghagua wall of —— beaver —_— rufa). Note absence of keratohyalin. 


Hematoxylin and 
(3) Radioautograph of sagittal — of mouse belly skin chowter hate follicles in anagen. 
injection. Emulsion coating. Hzmatoxylin and eosin, prestained. x 70. 


radiocystine in keratogenous zone 8 hr. 
(4) Radioautograph of conical 
above dermal pap’ 


papillae of mouse tongu 


remains unknown; however, the suggestion that a 
local lack or inactivation of vitamin A is responsible 
is a possibility). 

A principal obstacle to our understanding of the 
mechanism of keratin formation is the lack of correla- 
tion between morphological and biochemical know- 
ledge of the process. The significance and reality of 
the organelles in keratinizing cells are still being 
debated. Recently, Medawar* has termed artificial 
the tonofibrils and the intercellular bridges, hitherto 
two of the best-established microstructures of the 
mammalian epidermis (and of keratinizing epithelia 
generally). While his interpretation of the inter- 
cellular ‘bridges’ as really intracellular structures 
seems justifiable, these areas do represent definite 
contact points between adjacent cells. Changes in 
these areas associated with the growth-rate of epi- 
dermis are indicated in the electron microscopic 
studies of von Albertini‘. We have seen*-* alterations 
with acanthosis following topical application of 
vitamin A similar to those occurring in the initial 
phases of carcinogen-induced hyperplasia‘, wherein 
the cells are closely applied to each other, the inter- 
cellular spaces disappear and the ‘bridges’ are reduced 
to desmosomes. 

Little evidence remains to indicate that the kerato- 
hyalin granules of the classical histologist are keratin 
precursors, as was originally supposed. Leuchten- 
berger and Lund’ have shown that granules contain- 
ing ribonucleic acid occur in the stratum granulosum 


i in transverse section. 
(base of spine) 8 hr. after injection. Emulsion coating. Hzmatoxylin and eosin, post-stained. 





eosin. 
Note concentration of 


Note concentration of radiocystine 
x 175 


region of human and dog epidermis, and we find 
such granules to be distributed extensively even in 
the thin rat epidermis, although they appear con- 
siderably different from those seen with routine 
histological stains. In addition, whereas ribonuclease 
treatment results in the disappearance of azurophilic 
granules from the normal rat epidermis, it does not 
affect the appearance of the hematoxylin-staining 
granules (cf. Montagna*). Thus, the keratohyalin 
granules may consist only in part of ribonucleic acid, 
as Leuchtenberger and Lund suggest’, or conceivably 
the keratohyalin and the azurophilic granules are 
different entities. No granules are seen with the 
Bennett or Barrnett—Seligman methods for protein- 
bound sulphydryl groups**"'. It is difficult to 
conceive of the significance of keratohyalin in terms of 
cytoplasmic basophilia associated with protein syn- 
thesis. Acanthosis of the nipple epidermis of the 
guinea pig involves a striking increase in kerato- 
hyalin whether accompanied by hyperkeratosis (after 
cestrogen treatment) or presumed hypokeratinization 
(after vitamin A treatment)*. 

Leblond* has pointed out that ‘hard’ keratin, such 
as occurs in nails and in the cuticle and cortex of 
hair, can be distinguished from ‘soft’ keratin by the 
absence of keratohyalin, the adhesion of the cells, 
the lower lipid content, and the higher sulphur con- 
tent. That the presence of keratohyalin always 
characterizes ‘soft’ keratinization may be questioned. 
A stratum granulosum is a constant feature of the 
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esophagus of many rodents (rat, mouse, guinea pig, 
gopher, several cricetids, etc.); in the mountain 
beaver (Aplodontia rufa) and the fox squirrel (Sciurus 
niger): however, the granular layer is absent (Figs. 1 
and 2) (cf. Goetsch!*), This is also true of the ceso- 
phagus of man and carnivores, where the process 
can be described as parakeratotic, resulting in the 
sloughing of cells with pycnotic nuclei. In the 
mountain beaver and squirrel, however, the slough- 
ing layers remain temporarily as true ‘soft’ keratin, 
just as in other rodents. Eisen e¢ al.'° question the 
distinction between ‘soft’ and ‘hard’ keratinization 
and consider the latter to represent parakeratosis, 
evidently ignoring its characteristic ‘non-scurfiness’ 
(cf. Medawar’). 

It might be expected that an active synthesis of 
keratin, such as Biggers'* postulates for the cestrogen- 
treated vagina, would involve a specific uptake of 
cystine and other sulphur-containing amino-acids. 
Radioautographic and tracer studies of mouse 
vaginal epithelium now in progress'® do not indicate 
an uptake of cystine labelled with sulphur-35 in 
estrogen-induced keratinization appreciably different 
from that in androgen-induced mucification (in both 
instances cell proliferation and protein synthesis are 
involved). However, during the active growth 
phase (anagen) of mouse hair, high activity of the 
keratogenous zone of the hair follicle is seen 8 hr. 
after administration of radiocystine (Fig. 3). The 
8-hr. radioautograph parallels almost exactly the 
published figures of localization of sulphydryl'"*, 

The conical papilla of the mouse tongue presents 
an interesting picture in that it consists of a core 
of ‘hard’ keratin projecting posteriorly, covered on 
its anterolateral surfaces by a sheath of ‘soft’ keratin. 
The ‘hard’ keratin (readily distinguished by its re- 
fractoriness to eosin staining and its affinity for picric 
acid) arises from a keratohyalin-free area at the apex 
of the small dermal papilla. Eight hours after 
administration of radiocystine, this region is highly 
radioactive, in contrast to the limited activity in the 
adjacent ‘soft’ keratin-forming epithelium (Fig. 4). 
The concentration of cystine: by ‘hard’ keratin- 
forming structures may reflect specific uptake by 
keratogenous zone cells for the synthesis of keratin 
or ‘capture’ by rapidly proliferating cells of the 
cystine which is not turned over once the living cells 
keratinize. Work in these areas is being continued. 

This investigation was aided in part by cancer 
research funds of the University of California. 

Howarp A. BERN 

Zoology Department and its 
Cancer Research Genetics Laboratory, 

University of California, Berkeley. 
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Biosynthesis of [-Ascorbic Acid 


THE rat is known to synthesize ascorbic acid in 
the course of its normal metabolism. It has been 
observed by Longenecker and associates! that this 
synthesis can be greatly stimulated, resulting in the 
high urinary excretion and tissue reserve of the 
vitamin, when the rats are given daily a variety of 
compounds, particularly narcotics like chloretone. 
It has been previously reported in several communica- 
tions*-* from this laboratory that the high urinary 
excretion of ascorbic acid stimulated by chloretone 
can be completely suppressed, if the animals are 
made deficient in thiamine, riboflavin, pantothenic 
acid or folic acid. This action of the narcotic 
can be restored by correcting the respective de- 
ficiency with the particular vitamin. The effect of 
inanition has been taken into account by pair-feeding 
the experimental animals. The excretion under 
chloretone is unaffected by adrenalectomy or pan- 
createctomy of the rats. A definite inhibition of 
pyruvic acid oxidation by brain tissue of the rat has 
been observed in presence of chloretone under aerobic 
condition. The high urinary excretion of ascorbic 
acid stimulated in the rat under chloretone can also 
be almost entirely suppressed by the daily administra- 
tion of either adenosine triphosphate, malic acid or 
thyroxine in suitable doses. The effect of chloretone 
is promptly restored when the administration of these 
compounds is stopped. Other compounds, such as 
adenosine diphosphate, adenylic acid, dinitrophenol, 
glutathione and dicarboxylic acids such as oxaloacetic, 
fumaric and succinic, have been tried without any 
such suppressive effect on the urinary excretion of 
ascorbic acid by the narcotized rat. 

With the inhibition of pyruvic acid oxidation 
under chloretone there is a simultaneous decrease in 
the phosphorus esterification by the brain tissue of 
the rat. Relative to oxygen consumption, the 
phosphorylation of that tissue decreases considerably 
in the presence of chloretone. In the chloretonized 
condition, the inorganic phosphorus-level in the liver 
tissue of the rat is appreciably raised, while the 
adenosine triphosphate phosphorus, hexose-phos- 
phates and triose-phosphates determined both by the 
chemical and the paper chromatographic methods 
are considerably diminished, the lowest value being 
obtained in the case of phosphopyruvie acid. The 
tissue reserves of these intermediary phosphorylated 
compounds can be restored to normal levels by the 
administration of adenosine triphosphate ors malic 
acid or thyroxine in spite of the administration of 
chloretone being continued simultaneously. We have 
previously suggested* that pyruvic acid might be a 
precursor for the synthesis of ascorbic acid by the 
rat. The results of some in vivo experiments by 
Ghosh’? from this laboratory lent additional support 
to this view. He showed that pyruvic acid administra- 
tion increased the ascorbic acid excretion by the 
chloretonized rat. It has now been observed that 
by incubating liver tissue with sodium pyruvate 
under suitable conditions, an increase of 15-20 per 
cent in the ascorbic acid content occurs over that 
without the added substrate. This increase becomes 
more than 30 per cent, if the incubation is carried out 
in presence of thiamine. 

Further evidence in support of these findings 
has been obtained by the use of the tracer tech- 
nique. By administering labelled pyruvamide 
(CH,4*COCONH,) to rats under chloretone, it has 
been possible to separate in a pure and crystalline 
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form both radioactive ascorbic acid and the 2: 4- 
dinitrophenyl hydrazine derivative of dehydro- 
ascorbic acid from the urine of the experimental 
animals‘. In this separation, column chromatography 
with Brockmann alumina or ion-exchange resin 
as adsorbing material has been used. The purity 
of the ascorbic acid isolated and its derivative has 
been established by chemical analysis and also by 
absorption-spectra measurements. The ascorbic acid 
and its derivative gave 315 and 110 counts per min. 
per mgm. of the compound respectively with a 
Geiger—Miller counter. 

After administration of the isotopic pyruvamide 
to the chloretonized rats, the following intermediary 
compounds were separated from the liver tissue of the 
treated rats by paper chromatographic technique : 
glucose-1-phosphate, glucose-6-phosphate, fructose-1- 
6-phosphate, dl-glyceraldehyde phosphate, dihy- 
droxyacetone-phosphate, 3-phosphoglyceric acid, and 
Phosphopyruvic acid. Radioautographs of the 
different compounds have been prepared by the 
method of Benson et al.* by prolonged exposure of 
the paper containing the individual compound to the 
X-ray film and developing the latter for the radiation 
study. It has been observed that none of the phos- 
phorylated intermediaries studied had incorporated 
any carbon-14 in their respective molecules. By the 
application of the same techniques and from the 
same liver tissue either treated or hydrolysed, as the 
case may be, it has been possible to separate the 
citric, «-ketoglutaric, succinic, fumaric and malic 
acids of the Krebs cycle and also fifteen amino-acids. 
The radioautographs of these acids indicate that no 
carbon-14 had been incorporated into any of them. 
Glycogen isolated in pure form from the same liver 
tissue gave an activity of 70 counts per min. per mgm. 

It would appear from the above that pyruvic acid 
lends itself to the synthesis of ascorbic acid in the 
chloretonized rat. The exact pathway of this synthesis 
requires further exploration. 

We are indebted to Prof. B. D. Nag Chaudhuri 
and Mr. B. Bose of the Institute of Nuclear Physics, 
Calcutta, and to Dr. D. P. Burma of the Bose Research 
Institute, Calcutta, for their help, and to Prof. M. 
Calvin and Dr. A. A. Benson of the Radiation 
Laboratory, University of California, for gifts of some 
of the phosphorylated intermediary compounds used 
for comparison. One of us (S.C. R.) is indebted to 
Dr. E. 8. G. Barron and Dr. R. Redfield of the 
School of Medicine, Chicago, for their kind co-opera- 
tion in the preliminary investigation of the problem 
with labelled pyruvamide. Acknowledgment is made 
to the Indian Council of Medical Research for 
financing this work. One of us (N. C. G.) is indebted 
to the Ministry of Education, Government of India, 
for a scholarship. WN. C. Gaxoun 


8. C. Roy 
B. C. Guna 
University College of Science and Technology, 
Calcutta 9. May 24. 
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Metabolism of Elastin in the 
Adult Rat 


Tue fully formed collagen fibrils of connective 
tissue in adult animals are known to have a very 
slow rate of metabolic turnover'. Recently, evidence 
has been presented for the existence of a soluble 
precursor of collagen of high turnover-rate’. By 
contrast, I have been unable to find any published 
information about the metabolism of elastin—another 
important connective-tissue protein which is a major 
constituent of the larger arteries and certain spinal 
ligaments. The following experiments were there- 
fore conducted to supply some information on elastin 
metabolism. 

In view of the high glycine content of elastin, and 
since carbon-14 labelled glycine had been used in 
the experiments on collagen metabolism referred to 
above, («-!*C)-glycine, injected intraperitoneally in 
a dose of 10 ue. per 100 gm. body-weight, was used 
in these experiments. The rats used were all adult 
males and were in two groups of twelve rats each. 
The first group were normal rats killed in two lots 
of six at one day and nine days after injection of the 
labelled glycine. The second group were rats with 
atrophy of the right hind-limb produced by operation 
six weeks previous to receiving the labelled glycine’. 
These were also killed in two lots of six rats, one day 
and nine days after injection of («-'C)-glycine. On 
killing, the aortz were dissected out from the heart 
down to the bifurcation of the common iliacs and 
pooled in lots of three or six to ensure a sufficiency of 
material. Elastin was separated and purified accord- 
ing to Tunbridge and co-workers, who state that this 
method appears to give homogeneous preparations 
on examination by electron microscopy‘. Although 
our material has not been examined in this way, the 
morphology and staining characteristics suggest that 
the preparation consisted of pure elastin. Crystalline 
glycine samples from hydrolysates of the elastin 
were separated by column chromatography as the 
dinitrophenyl derivative and the radioactivity de- 
termined on solid samples‘. 

RADIOACTIVITIES OF DINITROPHENYL-GLYCINE PREPARED FROM 


omen OF AORTS OF RATS WHICH RECEIVED (a-"*C)-GLYCINE BY 
INTRAPERITONEAL INJECTION 





Radioactivity 
of DNP-glycine 
(counts/min./ 
sq. cm. (‘infin- 
ite thickness’) ) 


Interval 
between 
injection 
and 
killing 
(days) 


Weight 
of DNP- 
glycine 
recovered 
(mgm.) 


Total wet 
weight of 
aorte 
(gm.) 





175 
Normal : ¢ 153 
186 








169 
Operated; 3 ¢ 191 
142 























The radioactivities found in glycine derived from 
elastin of the aortze of the normal and operated rats 
are shown in the accompanying table. It will be 
seen that there is no significant fall in specific activity 
with time in the elastin glycine from either normal 
or operated rats. Indeed, all the observed counts are 
very similar, and are of the same order as those found 
previously in adult bone collagen**. Although the 
time interval of this experiment is not very long, it 
is long enough to have allowed demonstration of an 

active metabolic turnover in elastin if indeed this did 
occur in adult rat aorta. It therefore seems probable 
that in the adult rat elastin, in common with the 
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major portion of collagen, has a very slow rate of 


metabolic turnover. 
H. G. B. Stack 
Rheumatism Research Centre, 
University of Manchester, 
York Place, Manchester 13. May 28. 
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Enzymatic Conversion of Two Geometrical 
Isomers into Enantiomorphs 


Muconic acid is an intermediate in the oxidation 
of certain aromatic compounds by bacteria. It is 
formed enzymatically by an oxidative ring cleavage 
from catechol’, and is then re-arranged to §-keto- 
adipic acid, which cannot be further degraded by 
the cell-free extracts. Evans, Smith, Linstead and 
Elvidge? studied the action of crude cell-free bacterial 
extracts on the three isomers of muconic acid, and 
found that only the cis-cis isomer could be converted 
to 8-ketoadipic acid. They also tested the ability of 
extracts to attack certain lactones related to the 
muconic acids, and demonstrated that y-carboxy- 
methyl- A¢-butenolide could be rapidly converted to 
§-ketoadipic acid. On the basis of these findings they 
postulated the reaction sequence shown in Fig. 1. 

K ‘coon =| < coor 


& Br .; 


COOH 


a OH 0, ( ‘ 
‘OH — 


\ \e=0 


Catechol Hypothethical 


cis-cis- y-Carboxy- 
intermediate 


Muconic methyl- A@- 
acid butenolide 


Fig. 1. 
8-ketoadipic acid 


From extracts of Pseudomonas fluorescens we have 
isolated a lactonizing enzyme which converts cis-cis- 
muconic acid to y-carboxymethyl- A?-butenolide, and 
a delactonizing enzyme which converts this lactone 
to 8-ketoadipic acid, thereby confirming the reaction 
mechanism postulated by Evans et al.*. The details 
of the work will be described elsewhere, and the main 
purpose of the present communication is to direct 
attention to a remarkable pair of reactions catalysed 
by the lactonizing enzyme. 

When y-carboxymethyl-A¢-butenolide is formed 
from cis-cis-muconic acid, a centre of asymmetry is 
established at the y-carbon atom. Consequently, the 
chemically prepared lactone” is a racemic mixture. 
The lactone prepared enzymatically from cis-cis- 
muconic acid is the (+)-lactone (&p = + 53-2°). 
Since whole cells and also the delactonizing enzyme 
are stereospecific for the (+ )-lactone, the unnatural 
(—)-lactone can be simply prepared by allowing a 
cell suspension to act upon the synthetic lactone. 
By these means we were able to obtain both isomers 
of the lactone. 

The lactonizing enzyme catalyses a freely reversible 
interconversion of cis-cis-muconic acid and the 
At pH 8-0, the equilibrium mixture 
contains 95 per cent lactone. The trans-trans isomer 
of muconic acid is not attacked ; but the cis-trans 
isomer can ke decomposed at a rate about 0-02 per 


A., Perrone, J. C. and Slack, H. G. B., Biochem. J., 


Mechanism proposed by Evans et al. (ref. 2) for conversion of catechol to 
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cent of that with the natural substrate. Moreover, 
the (—)-lactone can be substituted for the (+)- 
lactone in a back reaction. Further study has 
established the fact that the lactonizing enzyme can 
catalyse a second reversible reaction, parallel to the 
natural reaction, which results in the interconversion 
of cis-trans-muconic acid and the (—)-lactone, but 
cannot interconvert the two geometrical isomers or 
the two enantiomorphs. At pH 8-0 the equilibrium 
mixture of cis-trans-muconic acid and (—)-lactone 
contains 20 per cent lactone. From the equilibrium 
constants of the two parallel enzymatic reactions, 
the free energy change for the cis—trans isomerization 
can be calculated; it is — 2-5 kceal., a value which 
agrees with the known chemical properties of the 
two isomers and is within the range recorded for 
similar isomerizations. 

Since the double bond in the lactone ring has a 
cis configuration’, it is evident that the lactonizing 
enzyme must act upon the trans bond of cis-trans- 
muconie acid. The essential features of the two 
reactions which it catalyses are shown in Fig. 2. It 
seems clear that the basis of this pair of reactions 
is an ability of the enzyme to distinguish between 
two chemically identical atoms or bonds. Thus in the 
forward reaction, only one of the two component 
bonds of the y-8 double bond is split; and in the 
back reaction only one of the two 3-hydrogen atoms 
is removed. The ability of an enzyme to distinguish 
between chemically identical groups has been 
demonstrated in the dehydration of citric acid‘ and the 
oxidation and reduction of diphosphopyridine nucleo- 
tide by alcohol dehydrogenase’ ; 
a three-point attachment of sub- 
strate to enzyme has been pro- 
posed as the mechanism for this 
discrimination. Fig. 3 shows 
graphically how such a mech- 
anism would apply in the present 
case. For simplicity, the drawing 
shows only those regions of the 
molecules concerned with the 
stereoisomeric changes. The fol- 
lowing arbitrary restrictions are imposed: (a) when 
the double bond is attacked, only the lower bond is 
opened, and (b) in the removal of HB only the right- 
hand hydrogen is removed. 


8-Ketoadipic 
acid (enol form) 


COO — 
~O0C H 


a a H—C—H 


= “N 
oocR 4H 


cis-cis (5 per cent) 


ms a ™ 
OOCR H | 
o=c-—— 


cis-trans (80 per cent) (—) (20 per cent) 


Fig. 2. The two reversible reactions catalysed by the lactonizing 
enzyme, R= —, es pa a values shown are 
or p . 
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TRANS 
'SOMER 


cis 
ISOMER 


Fig. 3. A three-dimensional diagrammatic representation of the 


reactions catalysed by the lactonizing enzyme 


Krebs‘ has postulated that the formation of L-malic 
acid from fumaric acid by fumarase involves a similar 
mechanism. Fumarase apparently cannot catalyse 
the ‘unnatural reaction’, maleic acid — p-malic acid ; 
this is not surprising, since the structural difference 
between maleic acid and fumaric acid is’ much 
greater than that between cis-cis and cis-trans- 
muconic acids. 


W. R. Sistrom 
R. Y. STaAnrIER 


Department of Bacteriology, 
University of California, 
Berkeley, California. 

April 26. 
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Cell Activity and Deoxyribonucleic Acid 
Content of the Nuclei of the Thyroid 
Gland of the White Rat 


RECENTLY, it has been claimed that the deoxyribo- 
nucleic acid content of the interphasic nuclei in the 
different tissues corresponds, for a given species, to a 
value which is double that for the deoxyribonucleic 
acid content of the spermatic nuclei of that same 
species. Nevertheless, some exceptions were observed, 
namely, by L. Lison and J. Pasteels, J. Govaert, 
C. Leuchtenberger and A. Schrader’, and lead to the 
hypothesis that this ‘theoretical diploid value’ would 
only be an equilibrium value, from which the 
deoxyribonucleic acid content would vary more or 
less widely as a function of the cell activity. 
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From this point of view, we have carried out some 

experiments on the thyroid gland of the white rat, 
It is easy to influence the activity of the cells of this 
organ and to control histologically its physiologica| 
state*; and it is well known that the activity of 
the thyroid cell can be inhibited by thyroxine anj 
stimulated by thiouracil. On histological examina. 
tion, the physiological states are represented on on 
hand by the endotheloid aspect, on the other by th: 
columnar aspect of the cell. 

Fifteen white male rats aged six to seven months 
were used. A first group of five rats served as con. 
trols ; a second group received daily during seventeen 
days an intramuscular injection of 0-1 mgm, 
thyroxine; a third group received daily, by gastric 
probe, and during the same period a dose of 20 mgm. 
propylthiouracil. All the rats were killed at the 
same time. The thyroids were quickly removed and 
fixed in a mixture of alcohol (96°, 75 parts), formalin 
(40°, 20 parts) and acetic acid (5 parts) as well as a 
testicle of a control rat. All the manipulations of 
dehydration and embedding were performed sim. 
ultaneously. The sections (10 microns) were placed 
on the same slide and treated by the Feulgen reaction. 
The deoxyribonucleic acid content of each nucleus 
was measured with Lison’s histophotometer. The 
extinction coefficient obtained in the wave-length 
region 5200-5400 A., multiplied by the projection 
area, gives in arbitrary units the relative value of 
the deoxyribonucleic acid content. Details of this 
technique have been given by L. Lison’*. 

In every thyroid gland we measured a hundred 
nuclei. The results of the statistical computations 
for each rat are shown in Table 1. We noted some 
haploid and doubly charged nuclei, probably pre. 
prophasic*. For the present computations we took 
into consideration only the diploid nuclei; _ this 
explains why the number of measured nuclei was 
sometimes less than 100. The mean value for the 
spermatocytes I being at 1,934, the theoretical diploid 
value will be at 967 arbitrary units. 






















































Table 1 
| n z S. Ss 
| Spermatocytes I —_—— 
| 100 1,934 L155 155-4 | 
( Rat 52 93 825 £223 | 220-4 | 
Rat 53 87 827 15-0 140-2 
| Controls Rat 54 87 828 17-0 159-4 | 
Rat 55 97 830 + 23-2 229-1 | 
{| Rat 56 79 817 20-4 182-1 | 
Rat 57 97 747 + 18-5 1823 | 
| Rat 58 98 700 +187 185-9 
| Thyroxine { Rat 59 94 758 + 18-7 179-0 | 
| Rat 60 94 732 + 19-9 193-0 
| Rat 61 100 557 £ 14-6 146-4 
| Rat 62| 92 877 416-7 | 160-4 | 
Rat 63 98 838 + 16-9 167-6 | 
| Thiouracil + Rat 64 100 905 + 176 176-4 
Rat 65 98 825 + 165 163°8 
Rat 66 92 948 + 23-8 228-6 





n, Number of measurements; z, mean value; Sz, deviation of 


the mean; S, standard deviation. 








The mean values of the five controls (rats 52-56) 
are statistically very constant but obviously less than 
the diploid value. 

The mean value of the five rats receiving thyroxine 
(rats 57-61) is reduced by 10 per cent and even, 
for one, by 32 per cent. This marked decrease 
cannot arise from a technical error, as the mean, 
itself, arises from a hundred consistent measure- 
ments. 
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On the other hand, the mean value of the five rats 
receiving thiouracil (rats 62-66) shows a clear 
tendency to increase. 

In order to demonstrate more clearly these varia- 
tions, we pooled all the measurements in each group ; 
Rat 61 was not included, since its mean value was 
not ‘consistent’ with the four other rats of the same 











group (Table 2). 
Table 2. PooLeD REsvLtTs 
x ahi ek 
n | z 8. | 
Controls 443 834 +86 179°7 
Thyroxine 383 737 +94 185-0 
Thiouracil 480 879 + 8-4 185°8 











By ‘Student’s’ t-test we have demonstrated that 
the observed variations are highly significant (Table 
3). 














Table 3. t-TEST 
‘ean Serer 
Controls/thyroxine 75 < 0-001 
Controls/thiouracil 3-7 < 0-001 
| Thyroxine/thiouracil 11-0 < 0-001 





By these experiments we have demonstrated the 
existence, in the thyroid of the white rat, of a 
correlation between the variations in cell activity and 
the deoxyribonucleic acid content of the nuclei ; the 
deoxyribonucleic acid increases with stimulation of 
cell activity and decreases with inhibition of cell 
activity. The deoxyribonucleic acid content of the 
thyroid of normal rats, and especially those with 
thyroxine-inhibited thyroids, is markedly below the 
diploid value ; on the other hand, in the stimulated 
thyroid, the content of deoxyribonucleic acid reaches, 
approximately, the theoretical diploid value. 

This investigation was aided by a grant from the 
Belgian National Foundation for Scientific Research. 


H. Rogts 

Department of Human Anatomy 
and Department of Pathology, 

Belgian Centre of Normal 

and Pathological Growth, 

University of Ghent. 
May 10. 
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Composition and Action of Yeast 
Polygalacturonase 


Yeast polygalacturonase is an exo-cellular pectic 
enzyme produced by Saccharomyces fragilis in a 
synthetic, protein-free medium. The enzyme is 
constitutive and is not accompanied by pectin- 
esterase’, When it is allowed to act on pectic acid, 


the following series of reactions occurs? : 


(a) Pectic acid + penta- + tetra- + tri-.+ digalact- 
uronic acids ; 
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(b) Pentagalacturonic acid > tetra- + galacturonic 


acids ; 

Pentagalacturonic acid — tri- + digalacturonic 
acids ; 

(c), Tetragalacturonic acid -— tri- + galacturonic 
acids ; 


(d) Trigalacturonic acid - di- + galacturonic acids. 


Reactions (a) and (b) comprise the initial rapid 
linear phase of the hydrolysis. The optimum pH of 
(a) is 4-4. A slower linear phase, beginning at 25 per 
cent hydrolysis, is characterized by reaction (c) which 
is optimal at a pH of approximately 3-5. After about 
560 per cent hydrolysis, (d) is the main reaction, and 
it occurs at a very low rate. Finally, after 70 per 
cent hydrolysis, the reaction ceases, leaving the dimer 
and monomer as end products. Reaction (d), like (c), 
is much slower at the higher pH ; hence at pH 4-5, 
the reaction appears to cease at 50 per cent hydrolysis 
and the apparent end products are tri-, di- and galact- 
uronic acids’. 

In view of the postulations of Dingle e¢ al.‘ and 
Schubert* which suggest that several polygalacturon- 
ase components occur in mould pectic enzymes, the 
nature of yeast polygalacturonase was studied. 

We have found that yeast polygalacturonase of the 
crude culture liquid can be adsorbed in the cold on 
@ pectic acid gel at pH 3-0 and eluted with 1N 
acetate buffer at pH 5-0. This resulted in a 13-fold 
concentration, but only in a negligible increase in 
specific activity. An electrophoretic analysis was 
performed after further concentration by precipita- 
tion with saturated ammonium sulphate followed by 
dialysis. The pattern indicated two components. The 
major one comprised about 95 per cent of the total 
protein. A variable solvent solubility test also 
indicated two fractions. At 4° C., the minor fraction 
was precipitated at 0-2 ammonium sulphate satura- 
tion and the major one was salted out between 0-8 
and complete saturation. A specific property solu- 
bility test based on the procedure of Falconer and 
Taylor* showed that only the major fraction had 
yeast polygalacturonase activity. The specific activity 
of this fraction, calculated by the last method, was 
0-179 yeast polygalacturonase unit per mgm. pro- 
tein (1 unit of activity releases 1 mM of reducing 
groups per min. at pH 5-0 from a 0-5 per cent pectic 
acid solution). The material which was precipitated 
between 0-75 and complete saturation moved as @ 
single boundary in the ultra-centrifuge. 

The rates of yeast polygalacturonase activity on 
tri-, tetra- and poly-galacturonic acids were compared, 
using the filtrates obtained at four different con- 
centrations of ammonium sulphate. The ratios of 
activity remained roughly constant during the salting 
out, indicating that the hydrolysis of pectic acid to 
the digalacturonic acid stage is catalysed by a single 


enzyme. Full details of this work will be published 
rina A. L. Dgmain 
H. J. PHarr 
Department of Food Technology, 
University of California, 
Davis, California. 
and Biophys., 48, 23 
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Use of Mercurated Thiazoles as Fungistatic 
Agents 


In the course of our studies on methods of synthesis 
of thiazole derivatives and their possible useful 
applications, it appeared of interest to examine their 
fungicidal properties, since these contain in a cyclic 
ring structure the grouping N—-C—S which is present 
in known fungicides like tetramethyl thiuram di- 
sulphide, thioureas and thioacetamide. Some new 
mercurated derivatives of thiazoles have also been 
prepared by us, and since mercury is a powerful 
fungicidal element, phenyl mercuric acetate being 
actually used for such diseases as apple scab, it 
was considered worth while to test these mercurated 
thiazoles for their fungicidal action. 

The thiazole compounds employed were thirteen new 
2-substituted-amino 4-5-dimethyl thiazoles prepared 
by reaction of ethyl methyl ketone with substituted 
thioureas in presence of iodine by a modified method 
already reported by us?. These compounds have 
been mercurated by treatment with mercuric acetate 
in¥acetic acid. The position taken up by the acetoxy 
mercuric group has also been fixed by us*. The 
resulting mercurated thiazoles have been assigned the 
structure : 


ms 
CH,.¢ owe. >Hg0c0cH, 
8 

All the twenty-six new thiazoles (thirteen un- 
mercurated and the rest mercurated) have been 
tested. For fungicidal assay, the method of Mont- 
gomery and Moore* was used. Aliternania polanduii 
Ayyangar was used as the fungus indicator. 

The unmercurated thiazoles completely inhibited 
spore germination even at a concentration of 100 
parts per million. At 250 p.p.m. the’ percentage of 
inhibition was only 25-30 per cent. 

The mercurated thiazoles were, however, more 
powerful, being 100 per cent effective in inhibiting 
spore germination of the fungus even at a concentra- 
tion of 2 p.p.m. 

Detailed investigations will be published elsewhere. 

.Thanks are due to the Board of Scientific and 
Industrial Research, Orissa, for supporting this 
research with a grant. 

M. K. Rout 
B. Paputi 
N. K. Das 
Department of Chemistry, 
Ravenshaw College, 
and 
Department of Botany, 
Ravenshaw College, 
Cuttack 3, 
Orissa (India). 
May 20. 
1 Pujari, H. K., and Rout, M. K., J. Amer. Chem. Soc.,'75, 4057 (1953). 


? Pujari, H. K., and Rout, M. K., J. Ind. Chem. Soc., 31, 257 (1954). 
3,Montgomery and Moore, J. Pomol. and Hort. Sci., 15, 253 (1938). 





Glutathione Breakdown and Transpeptidation 
Reactions in Proteus vulgaris 


THE enzymic breakdown of glutathione by animal 


tissues has been extensively studied!. Both peptide 


bonds are split by enzymes of rat kidney homo- 
genates ; 


the y-glutamyl bond is first hydrolysed to 
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glutamic acid and cysteinylglycine, the latter being 
afterwards further broken down to cysteine and 
glycine’. In 1950, Hanes, Hird and Isherwood: 
demonstrated that preparations of sheep kidney not 
only hydrolysed glutathione, but also catalysed the 
transfer of the y-glutamyl residue to the products of 
hydrolysis and to other added amino-acids. A more 
detailed analysis of the relative reactivities of various 
amino-acids with glutathione has recently been 
carried out‘. Transpeptidation reactions were also 
observed between other y-glutamyl and glycyl pep. 
tides and amino-acids in animal and plant tissues’, 
The discovery of such reactions led to speculation on 
their possible role in the formation of new peptides 
and of proteins. Although cell-free extracts of 
Escherichia coli synthesize glutathione from its com. 
ponent amino-acids*, these extracts do not hydrolyse 
the tripeptide. Breakdown of glutathione and trans- 
peptidation in micro-organisms have not been pre- 
viously reported ; @ study of these reactions in the 
bacterium Proteus vulgaris is described here. 
Washed whole-cell suspensions or cell-free extracts 
of Pr. vulgaris (prepared by sonic disintegration) were 
incubated with glutathione with or without added 
amino-acids at pH 7-4 for 1 hr. at 37°. After de- 
proteinization with ethanol containing N-ethyl 
maleimide*, the supernatant was examined for 
amino-acids and peptides by paper chromatography. 
Fig. 1 shows a typical chromatogram of the products 
obtained when Pr. vulgaris suspensions or extracts 
are incubated with glutathione. In addition to the 
glutamic acid, glycine and small amounts of cysteine 
expected (cysteine is further metabolized to pyruvate, 
hydrogen sulphide and ammonia by Pr. vulgaris’), 
two new ninhydrin-positive materials with Rp values 
similar to y-glutamylglutamic acid and y-glutamy]- 
glycine are produced. The new compounds are 
increased in amount respectively by the addition of 
L-glutamic acid or glycine to the original incubation 
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Fig. 1. Descending paper chromatogram showing products of the 
reaction of Proteus vulgaris on glutathione. 1, 2 and 3 represent 
pi atl | 7-2, 14-4 and 21-6 mgm. dry weight of organism in 
gee buffer pu 7-4 in 0-4 ml. incubation mixture containing 
glutathione. 4 is a control strip of amino-acids and gluta- 
hione. Incubations were carried out for 1 hr. at 37°. Whatman 
No. 3 filter poner developed in propanol—water (80 : 20) for 17 hr. 
Colour —_ ped by spraying paper with 0-1 per cent ninhydrin 
in Gente and heating for 5 min. at 105° 
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mixtures. Unless high concentrations of the micro- 
organism are used (of the order of 12 mgm. dry 
wt./5 uM glutathione), detectable quantities of the 
new materials are not produced and only small 
quantities of the component amino-acids of gluta- 
thione are observed. The new material obtained 
when glycine is added to the incubation mixture was 
eluted and shown to behave like y-glutamylglycine 
when compared chromatographically with authentic 
samples of the a- and y-peptides. This material was 
obtained in chromatographically pure form, hydro- 
lysed and shown to contain only glutamic acid and 
lycine. 

Tranepeptidation to foreign amino-acids added to 
the incubation mixture has been likewise observed. 
New materials corresponding to the y-glutamyl 
peptides have been obtained with L-methionine, 
L-valine, L-phenylalanine, L-leucine and L-glutamine. 
As with the system from kidney, the quantities of 
new y-peptides formed are dependent not only on 
the amount of acceptor amino-acids present, but also 
on the particular amino-acids in the system; thus, 
for example, phenylalanine is more active in trans- 
peptidation than leucine as judged by the intensity of 
paper chromatographic spots. Using concentrations 
of acceptor amino-acids up to ten times the concentra- 
tion of glutathione, increasing the amount of amino- 
acid increased the amount of y-peptide formed. The 
abilities to hydrolyse glutathione and cause trans- 
peptidation remain with the supernatant after centri- 
fugation of the extract for 60 min. at 11,000 g and are 
lost on exposing the extract to temperatures of 55° 
for 10 min. Of the antibiotics known to interfere 
with protein synthesis in Staphylococci*, terramycin, 
aureomycin and chloramphenicol had no effect on 
transpeptidation at levels of 100 ygm./ml. 

These experiments demonstrate the presence in 
bacterial cells of enzymes catalysing transpeptidations 
of the same type as in mammalian tissues*. Although 
these exchange reactions appear to be widely dis- 
tributed in Nature, their significance as a potential 
mechanism of peptide formation remains uncertain. 

PaMELA SAMUELS TALALAY* 
Medical Research Council Unit 
for Chemical Microbiology, 
Department of Biochemistry, 
University of Cambridge. 
May 27. 

* Present address: Department of Biochemistry, University of 
Chicago, Chicago, Illinois, U.S.A. 
+See review by Waelsch, H., ‘‘Adv. in Enzymol.”, 18, 237 (1952). 
‘Binkley, F., and Nakamura, K., J. Biol. Chem., 178, 411 (1948). 
ear 8., Hird, F. J. R., and Isherwood, F. A., Nature, 166, 288 
‘Hird, F. J. R., and Springell, P. H., Biochem. J., 56, 417 (1954). 
‘Hanes, C. S., Hird, F. J. R., and Isherwood, F. A., Biochem. J., 

51, 25 (1952). 

‘Samuels, P. J., Biochem. J., 55, 441 (1953). 
'Kallio, R. E., and Porter, J. R., J. Bact., 60, 607 (1950). 
‘Gale, E. F., and Folkes, J., Biochem. J., 58, 493 (1953). 


Norvaline : a Growth Factor for Excised 
Tomato Roots 


Earty reports! that norvaline, a synthetic amino- 
acid, was detectable in protein hydrolysates have 
not been confirmed using modern techniques*. No 
reports are known to me of the detection of norvaline 
as a free amino-acid in tissues. It has, however, been 
teported® that on addition of «-ketovaleric acid and 
glutamine to extracts of rat liver, the «-ketovaleric 
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acid was converted to norvaline. A number of other 
a-keto acids were converted to the corresponding 
amino-acid by the extract. The conversion to 
norvaline, therefore, could be attributed to low 
specificity of the postulated enzyme. In spite of this, 
it was decided to include pt-norvaline in a series of 
amino-acids tested for ability to replace pyridoxine 
in the nutrition of a clone of excised tomato roots. 
Some nutritional requirements of this clone and the 
experimental techniques are given elsewhere‘. 

Replacement of pyridoxine by norvaline gave 
approximately 50 per cent of the growth obtained 
in the presence of pyridoxine. The best concentra- 
tion was found to be 4 x 10-* M of the free base. 
A representative result, using this concentration of 
norvaline, is shown in Table 1. 


Table 1. Fina LeneTH OF MAIN AXIS PER ROOT (MM.) OF EXCISED 
Tomato Roots GROWN FOR Six Days IN: MEDIUM (1) WITHOUT 
PYRIDOXINE; (2) WITH PYRIDOXINE; AND (3) WITH NORVALINE 
REPLACING byrmoxine. MEANS ARE FOLLOWED BY STANDARD 
ERRORS AND NUMBERS OF REPLICATES IN BRACKETS 





Length of main axis 
per root (mm.) 





Medium 


1. Minus pyridoxine, minus norvaline 
2. Plus pyridoxine, minus norvaline 
3. Minus pyridoxine, plus norvaline 





23-14-1-05 (9) 
97 -6+4°24 (9) 
62-0+6-09 (9) 











This result has been confirmed on separate occasions 
and using pL-norvaline from two different sources. 
Paper chromatography of solutions obtained on auto- 
claving norvaline, either in water or in the medium, 
did not reveal any substance with an Ry value, or 
colour (ninhydrin test), different from those of nor- 
valine. The calculated amount of norvaline per spot 
on the chromatogram was 125 ugm. 

The fact that norvaline may act as a growth factor 
provides tentative evidence that it is involved in 
‘normal’ metabolism. Whether this is so, and the 
precise relation of vitamin B, to norvaline, is being 
examined. 

Witiiam G. Boi 
Plant Research Institute, 
University of Texas, 
Austin, 
and 

Clayton Foundation for Research. 

1 Abderhalden, E., and Bahn, A., Ber. d. Chem. Ges., 6B, 914 (1930). 
Abderhalden, E., and Reich, F., Z. physiol. Chem.. 198, 198 (1930). 
— E., and Haynes, K., Z. physiol. Chem., 206, 137 

* Haurowitz, F., ‘Chemistry and Biology of Proteins” (Academic 

, New York, 1950). 
* Meister, A., and Tice, S., J. Biol. Chem., 187, 173 (1950). 
* Boll, W. G., Plant Physiol. (in the press). 


Succinoxidase Inactivation by a Lecithinase 
in Barley Seedlings 


RECENTLY, several investigators!-* have isolated 
mitochondrial fractions from plant tissues which are 
similar to animal mitochondria in that they are 
capable of oxidizing all the known substrates of 
the Krebs citric acid cycle, concomitantly syn- 
thesizing adenosine triphosphate from adenylate and 
inorganic phosphate. However, the oxidative and 
phosphorylative capacities of mitochondria from 
different plant tissues vary considerably. For ex- 
ample, mitochondria from oats show much less 
activity in the oxidation of Krebs-cycle acids than 
do those from the mung bean; while mitochondria 
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from mung bean hypocotyls are more effective in 
oxidative phosphorylation than particles from leaves 
and roots of the same plant**. Paquin (unpublished 
work) in our laboratory has also observed that the 
mitochondria from tomato leaves are considerably 
less active in the oxidation of succinic acid than are 
those from hypocotyls of the same plant, and that 
this is accompanied by a higher endogenous oxygen 
uptake in the former as compared to the latter. 

In our studies on the enzymic activity of mito- 
chondria isolated from barley seedlings (Hordeum 
vulgare L. var. Montcalm) by the procedure of 
Millerd et al.1, we have observed that fractions from 
4-5 day old seedlings apparently lose the ability to 
oxidize succinic acid, whereas embryonic mito- 
chondria (after 24 hr. soaking) actively oxidize this 
substrate. Also, there is a marked increase with 
seedling age in the dependence of mitochondrial 
cytochrome oxidase on exogenous cytochrome c for 
the oxidation of paraphenylenediamine (Table 1). 
The injurious effect of the physical environment on 
the enzyme activities of plant mitochondria, studied 
by Laties‘, was found to bear no relationship to the 
inactivation of barley succinoxidase. However, he 
also observed that mitochondrial enzyme systems 
suffer damage by processes of an enzymic nature 
during their isolation. A characteristic feature of 
mitochondria from barley seedlings which lack the 
ability to oxidize succinic acid is their relatively high 
endogenous oxygen uptake (QO,(N) = 100). This 
value is five to ten times greater than that of mito- 
chondria from mung bean! or tomato hypocotyl 
(Paquin, unpublished work), pea seedling*, or cauli- 
flower’. Similarly, the endogenous oxygen uptake 
of embryonic barley mitochondria is only one-tenth 
of the value of those from 4-5-day old seedlings. 


ENZYMIC ACTIVITIES* OF MITOCHONDRIA FROM BARLEY 
SEEDLINGS AT DIFFERENT AGES 


Table 1. 





Hours from soaking 
Enzyme systems 24 3 48 60 72 


110 
Cytochrome oxidase 282 236 181 48 
os with 10-* M cyto- 


chrome ¢ 347 253 
Succinoxidase $3 28 0 0 
Lecithinase C 648 


m 13 i 
Lipoxidase 2 704 — 782 





21 
51 














* Average values expressed as QO,(N) except lecithinase QCO,(N). 


We have shown that the endogenous oxygen uptake 
of barley mitochondria is catalysed by a lipoxidase 
which appears to be distributed among particulate 
and soluble fractions of the cytoplasm. Mitochondria 
are capable of oxidizing lecithin and linoleic acid, but 
not oleic acid. The oxidation of these substrates, 
like the endogenous oxidation, is activated by cupric 
and ferric ions and is inhibited by diethyldithio- 
carbamate, hydroquinone and manganous ions, thus 
characterizing both the endogenous and the substrate- 
supported reactions as lipoxidase-catalysed oxida- 
tions. However, the loss of succinoxidase activity 
from older seedlings cannot be due to this enzyme, 
since it occurs in considerable concentration in em- 
bryonic tissue from which ‘active’ mitochondria may 
be isolated (Table 1). 

We have also identified a lecithinase C in older 
seedlings using the method of Zamecnik, Brewster 
and Lipmann’. This enzyme is absent from the 
embryo but appears early in the growth of the seedling 
and rapidly increases in activity. Quastel and 
Braganca®, and also Nygaard and Sumner’, have 
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demonstrated the inactivation of succinoxidase jp 
animal mitochondria by lecithinase A prepared from 
snake venom. We believe that by a similar mechanism 
lecithinase C in barley inactivates the mitochondria] 
succinoxidase system during the course of isolation, 
The inverse relationship between succinoxidase and 
lecithinase activity in mitochondria from see:ilings 
of different ages is shown in Table 1.  Morvcover, 
this table shows that the dependence of cytochrome 
oxidase upon exogenous cytochrome c is also jn. 
versely related to lecithinase activity ; but it is clear 
that other parts of the whole system, perhaps succinic 
dehydrogenase, are more sensitive to the damaging 
effect. of this enzyme. 

Lecithinase C is inhibited by sodium fluoride, and 
the inactivation of succinoxidase in 4-5-day old 
seedling mitochondria can be partially prevented by 
adding 0-01 M sodium fluoride to the isolation medium 
(0-4 M sucrose, 0-02 M phosphate, pH 6-8). This 
protection is increased if the seedlings are infiltrated 
with 0-02 M sodium fluoride under vacuum prior to 
grinding. Mes 

Lecithinase C attacks phospholipids at the phos. 
phate-glycerol linkage, yielding phosphorylcholine 
and a diglyceride. Phospholipids occur in high con- 
centration in plant mitochondria’, and apparently 
play an important structural part in the enzymic 
organization of these bodies. It is evident that 
hydrolysis of these ‘cementing substances’! would 
bring about a breakdown in the functional integrity 
of complex enzyme systems such as succinoxidase, 
Mitochondria which lack the ability to oxidize succinic 
acid have a high endogenous oxygen uptake because 
lecithinase C has caused a partial disintegration of 
the mitochondrial structure, and the unsaturated 
fatty acid components of phospholipids have been 
exposed to the oxidizing action of lipoxidase. Con- 
versely, mitochondria which have a fairly high 
succinoxidase activity show a low endogenous oxygen 
uptake because the phospholipids remain intimately 
associated with the architecture of the particles, and 
are inaccessible to oxidation by lipoxidase. 

Reports in the literature’ indicating the apparent 
transience of the whole or part of the succinoxidase 
system of seedlings may require re-interpretation in 
view of this demonstration of in vitro inactivation 
by a native lecithinase in barley seedlings 7 

Grateful acknowledgment is made to the National 
Research Council of Canada, which provided generous 
financial assistance for this study. 


Brian C. Goopwin 
E. R. Wayaoop 
Botany Department, 
McGill University, 
Montreal. 
May 7. 


1 Millerd, A., Bonner, J., Axelrod B., and Bandurski, R., Proc. U.S. 
Nat. Acad. Sci.. 37, 855 (1951). 

2 or a and Millerd, A., Arch. Biochem. and Biophys., 42, 135 

Seer ~~ ead and Bonner, J. J. Histochem. and Cytochem., 1, 254 

* Laties, G. G., Plant Physiol., 28, 557 (1953). 

5 Laties, G. G., Physiol. Plantarum, 6, 199 (1953). 

* Stafford, H. A., Physiol. Plantarum, 4, 696 (1951). 

7 Zamecnik, P. C., Brewster, L. E., and Lipmann, F., J. Ezp. Med., 
85, 381 (1947). 

* Quastel, J. H., and Braganca, B. M., Féd. Proe., 11, 296 (1952). 

* Nygaard, A. P., and Sumner, J. B., J. Biol. Chem , 200, 723 (1953). 

10 Levitt, J., Physiol. Plantarum, 7, 109 (1954). 

11 Ball, E. G., and Cooper, O., J. Biol. Chem., 180, 113 (1949). 

bo seats and Hartree, E. F., ‘Ann. Rev. Plant Physiol.”, 4, 115 
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The Rat as a Test Animal in evaluating 
Artificial Human Milk for Infants 

Many attempts have been made to develop artificial 
milk formulations to replace breast milk in the feeding 
of young infants. Tests have been carried out on 
infants themselves, and there are very few reports 
of attempts to use animals in such studies!-’. 

We believe that animal experimentation is necessary 
in studies of artificial human milk, and we have tried 
to find an indicator which would rapidly show the 
influence of different formularies on the animal. We 
observed that feeding with human milk or cow’s 
milk, respectively, causes similar changes in the feces 
of rats and the feces of infants. Using the pH of the 
feces as an indicator, we then tried to modify cow’s 
milk in such @ way that its effect on the rat would 
be similar to that of human milk. 

The technique used in our experiments was very 
simple. Rats previously kept on an ordinary labora- 
tory diet were caged individually and fed the milk 
or milk mixtures to be studied ad libitum. No extra 
water was given, and since the experimental period 
was always very short (1-2 weeks) no minerals or 
vitamins were added to the milks. The fxces were 
collected during a few hours each day, suspended 
in distilled water and the pH of the suspension 
determined electrometrically. 

In the first experiments, three-weeks old weanling 
rats were used. In accordance with Scott and 
Norris', it was found that human milk was unsuitable 
for these young rats, whereas the cow’s milk per- 
mitted some gain in weight (Table 1). In later experi- 
ments, older rats (9-22 weeks) were used. Although 
neither cow’s milk nor human milk produced growth 
in these rats, the animals maintained their weight, 
and it was evident that the results obtained during 
the short experimental periods were not due to 
inanition. 

Table 1. Errects oF Cow’s MILK AND HUMAN MILK 4S DIET FOR 
RaTS OF DIFFERENT AGES 





Gain in 
weight in 
2 weeks 


Average body- 
weight (gm. ) 
Age of at2 


rats Diet initially weeks 


3 weeks | Cow’s milk 34 
3 weeks | Human milk 32 
9 weeks | Cow’s milk 145 
9 weeks | Human milk 143 
22 weeks | Cow’s milk 214 
22 weeks | Human milk 220 


No. of 
survivors 





























In Fig. 1 are given some typical pH curves of the 
feces of rats fed either human milk or cow’s milk. 
It can be seen that there is a distinct difference 
between the rats on these two diets. Feeding with 
human milk has given pH values between 5 and 6 
whereas cow’s milk, on the other hand, has given 
pH values above 7. This difference was usually 
apparent as early as two days after the beginning of 
the experiment. 

The purpose of the further experiments was to 
find out how cow’s milk must be modified to get the 
pH of feces down to the human-milk level. A great 
number of cow’s milk modifications were prepared 
including changes in the quality and quantity of 
protein, fats, carbohydrates, minerals and vitamins. 
In most of these cases the pH of the feces did not 
change in the desired way. However, decreasing the 
calcium content of the milk and a simultaneous 
addition of lactose led to positive results. In all 
experiments with decreased calcium and added lactose 
the pH of the rat feces was distinctly acid, the 
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Fig. 1. pH of ~~ faeces of rats fed either cow’s milk or human milk 

(averages of 5-7 rats): (1) cow's milk, 9 weeks old rats; (2) 

cow's os als ks old rats; (3) human milk, —_ as 
(4) human milk, 22 weeks old ra 


acidity curve closely resembling that obtained with 
human milk. 

The calcium content of the milk was lowered by 
treatment with cation exchangers (‘Zeokarb 215° 
proved satisfactory, removing about 30 per cent of 
the calcium), by precipitation with sodium sulphate, 
sodium oxalate or sodium carbonate (cf. ref. 4), or by 
adding sodium hexametaphosphate (‘Calgon’) to the 
milk. The last-mentioned substance, which is known 
to form soluble complex ions with bivalent ions such 
as calcium and which is generally used for softening 
water, has earlier been used by Schwartz et al.’ for 
the preparation of ‘soft curd’ milk. Of the different 
substances tried it was found to be the most suitable 
for reducing the content of the ionizable calcium. 


_ Lactose was added to the milk at the level of 5-10 per 


cent. Other carbohydrates, for example, dextrin, 
maltose and sucrose, did not lower the pH of the 
feces when added to the milk in the same quantities. 
The effect of the hexametaphosphate—lactose—milk 
on the pH of the feces is probably due both to changes 
in the curdling properties of casein in the stomach 
and its absorption in the intestines, and to alterations 
in the composition of the intestinal flora. Further 
investigations into these questions and into the 
applicability of such milk formulations as food for 
young infants are in progress. 
Paavo ROINE 
HELGE GYLLENBERG 
MarJsaTTA ROSSANDER 
Ritva VUOKILA 
Department of Nutritional Chemistry, 
University of Helsinki. June 9. 


1 Scott, M. L., and Norris, L. C., J. Nutrition, 37, 337 (1949). 

* Tomarelli, R. M., Linden, E., Durbin, G. T., and Bernhart, F. W., 
J. Wutrition ‘51, 251 (1 95: 3). 

* Gydrgy, P., Mello, M. J., Torres, F. ‘aa and Barnes, L. A., Proc. Soc. 

Exp. Biol. Med., 84, 464 (1953 

® kina H., Monatsschr. Zasateds.. 98, 409 (1951). 

5 Schwartz, C., Jones, K. K., Mack, T. W., and Vance, R. W., J. Dairy 
Sci., 23, 19 (1940). 
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Size of Trichostrongyle Infective Larve 
in ‘Monobacterial’ Culture 


In 1911, Looss' noticed first- and second-stage 
larve of Ancylostoma duodenale ingesting the bacteria 
‘contaminating’ his cultures. He dismissed bacteria 
as a regular food source, however, because such 
larve “all show the outward signs of insufficient 
nutrition”. Later, it was established by McCoy?, and 
confirmed by Lawrence*, that living bacteria were 
normally necessary for the nutrition of hookworm 
larve. Lapage* also reared the third stages of a 
number of strongyloid worms, including T'richo- 
strongylus retortaeformis, in broth cultures of coliform 
bacteria. Although McCoy’ made measurements 
of Ancylostoma caninum larve reared in coliform 
cultures, none of these workers reported any 
comparisons made between such measurements and 
those of larve grown in ordinary fecal culture. 

Present attempts to obtain standard larve of 
Trichostrongylus retortaeformis by these culture 
methods reveal a cgnstant reduction in the size of 
the third stage compared with that achieved in feces 
at the same temperature. This is so whether the 
bacteria are available as growing colonies on agar 
or in broth, or merely suspended in Ringer’s solution. 
If, however, the micro-organism is added to auto- 
claved feces, then a suitable environment seems to be 
provided, for the larve reach their normal ‘fecal’ size. 

The nematode eggs used in cultures 2-5 were 
extracted from the feces of infected rabbits by 
centrifugal-salt-flotation, and surface-sterilized with 
White’s solution®. The micro-organisms used as food 
were Bacterium coli Types I and IT and an organism 
intermediate between Bact. coli and Bact. aerogenes 
(classification as in ref. 7). 


FIGURES FOR 30° C. CULTURES 























No. of Mean 
Type of culture larve No. of length % | 
measured | cultures | third stage 
1. Faces (normal) 100 3 646 u 100 | 
2. Feces (autoclaved 
with coliform added) 50 2 658 wu 102 | 
| 3. Monobacterial (agar) 250 uM =4 591 pu 92 
| 4. Monobacterial (broth) 50 ee 5764 89 | 
5. Monobacterial | 
| (Ringer’s) 50 1 591 pz 92 
{ 





A t test shows that the difference between grand means of (1 + 2) 
and (3 + 4 + 5) is significant at the 0-1 per cent level of probability. 

The techniques to which the eggs and larve were 
subjected have been tested to discover whether they 
affected the size of the latter in an artificial manner. 
The results of cultures of type 2 show that centrifugal- 
salt-flotation of the eggs and treatment with White’s 
solution have no depressing effect on larval size. 
These same cultures show, in addition, that the strain 
of micro-organism was not at fault, since it was also 
used in some of the agar, broth and Ringer’s solution 
cultures. Comparison of larve grown in mono- 
bacterial flasks closed either with cotton plugs or 
rubber bungs has shown that limitation of oxygen 
to this extent has no adverse effect on size. The fact 
that a rubber bung seal encloses sufficient oxygen for 
complete development is also brought out by the re- 
sults for culture 2 (see table), in which such a method 
of closure was adopted. The possible influence of 
osmotic phenomena on the size of larve extracted 
from feces by Baermann technique was examined 
by the measurement of ‘monobacterial’ larve before 
and after approximately twelve hours subjection to 
this treatment. No significant increase in size was 
noted. 
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Whether the depression in size is due, as Loos 
supposed, to nutritional deficiencies in bacteria along 
is still not established ; but the elimination of many 
procedural factors makes the existence of a non. 
living, thermostable, fecal contribution to larva] 
nutrition a possibility. 

P. A. G. Witson 
Department of Agriculture, 
University of Leeds. May 11. 
* Looss, A., Rec. Sch. Med. Cairo, 4 (1911). 
* McCoy, O. R., Science, N.S., 69 (1929); Amer. J. Hyg., 10 (1929), 
* Lawrence, J., Aust. J. Exp. Biol. Med. Sci., 26 (1943). 


* Lapage, G., Nature, 131 (1933); 3rd Rep. Dir. Inst. Anim. Path,, 
Cambridge (1933). 


5 McCoy. O. R., Amer. J. Hyg., 11 (1930). 
* White, G. F., J. Parasit., 18 (1931). 


’ ner of Health, Rep. on Pub. Hith. and Med. Subjs., 71 (rey.) 
(1939). 


Cobalamin Requirement in Chrysophyceae 


OnE of the active principles in aqueous extracts 
of liver essential for growth of Ochromonas mal- 
hamensis' was identified as cobalamin (vitamin B,,)?. 
Since this requirement was also found in one or two 
other chrysomonads, it was suggested that all mem- 
bers of the class might need cobalamin*. Some 
evidence lending further support to this tentative 
suggestion has recently been obtained from three 
chrysomonads isolated from brackish supra-littoral 
pools at Millport : Monochrysis lutheri Droop (Strain 
60), Prymnesium parvum Carter (Strain 65) and 
Syracosphaera elongata nom. prov. (Strain 62). 

The three strains, which were grown in bacteria- 
free culture, required for growth soil or, preferably, 
liver extract and natural sea water. Both the soil 
and liver extracts could be replaced completely by 
cobalamin plus thiamin, the latter apparently having 
the function of a stimulating substance rather than 
one for which there was an absolute requirement. 
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Fig. 1. Response of chrysomonads to doses of cobalamin (Oxo 


Ltd.). Final yields of cultures measured optically. Continuous 
curve, Prymnesium ; aca curve. Monochrysis ; dashed curve, 
syracosp. 

























































The natural sea water was replaced by an empirical 
» along synthetic metal-buffered medium of composition 
‘many {§ rather similar to Provasoli and Pintner’s* for Gyro- 
’ non. dinium, but with guanine and glycine as principal 
larval organic constituents. This medium is not ideal and 
it requires considerable simplification ; but it has 
SON supported growth of the three strains through nine 
transfers without undue diminution in yield. 
The requirement for cobalamin proved to be 
absolute and quantitative (Fig. 1); and, so far as 





} (1929), experience goes, it was not influenced by the com- 
; position of the medium, or eliminated by methionine, 
. Path,, some nucleotides and bases. The full pattern of 


specificity has, however, not yet been ascertained. 
Maximum growth of all three strains was given 

L (rev.) by 30-100 mygm. cobalamin/lit., compared with 
200 mugm. for a marine Stichococcust, and 100-200 

mugm. for Euglena’. In the case of Monochrysis, 

‘eae maximum yield in culture is about 16,000 cells/c.mm., 
a figure comparable with that of Monochrysis blooms 


“aan in rock pools but far above any recorded for p-flagel - 
Bi)? lates in the sea’. Concentration of essential nutrients 
. a 3 in the pools is probably responsible for the blooms 
mane. in them ; certainly cobalamin must attain a concentra- 
Some tion of at least 30 mygm./lit. On the other hand, 
ative it does not appear that this vitamin is a limiting 


thei factor in the sea at all times of the year. Preliminary 
assays with Syracosphaera suggest the appreciable 





se: figure of 5-10 mygm./lit. for coastal waters during 
and February and March of this year; Lewin‘ suggests 

; 10 mygm./lit. If these estimates are even approx- 

ee: imately of the correct order, it can be inferred that 

ably, cobalamin is not a limiting factor in the early spring. 

> soil : ’ M. R. Droop 

vy by Marine Station, 

ving Millport. May 5. 

than 1Pringsheim, E. G.. Quart. J. Mic. Sci., 98, (1), 71 (1952). 

nent. *Hutner, S. H., Provasoli, L., and Filfus, J., Ann. N.Y. Acad. Sci., 


56 (5), 852 (1953). 
ay L., and Pintner, I. J., Ann. N.Y. Acad. Sci., 56 (5), 839 
Joo). 
‘Lewin, R. A., J. Gen. Microbiol., 10 (1), 93 (1954). 
‘Robbins, W. J., Hervey, A., and Stebbins, M. E., Ann. N.Y. Acad. 
Sei., 56 (5), 818 (1953). 
* Ballantine, D., J. Mar. Biol. Assoc. U.K., 32, (1), 129 (1953). 


Gene Frequencies in Strains of Trifolium 
repens L. 


Tue frequencies Of glucoside lotaustralin and 
enzyme linamarase genes were investigated in low- 
land‘ and altitudinal? populations of Trifolium 
repens. The results obtained disclosed a continuous 
diminution in the occurrence of the dominant alleles 
from the Mediterranean region to north-eastern 
Europe’, and from the lowland to the higher altitudes* 
within a range of 100-0 per cent. A significant 
correlation was found between the dominant allele 
frequencies and January mean temperature. Further 
study was concerned with the determination of gene 
frequencies in strains of 7’. repens. The picrate-paper 
test used was that described by Corkill*, modified 
for determining small amounts of enzyme. The results 
obtained were used for calculating the occurrence of 
genes in the samples (Table 1). 

The dominant glucoside allele (Ac) shows a decrease 
from 100 to 0 per cent, and the dominant enzyme 
allele (Li) from 86-3 to 10-5 per cent. Striking 
similarity became evident in the gene frequencies of 
wild and cultivated strains of 7’. repens derived from 
the same geographical region. The British and New 
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Table 1. FREQUENCIES OF THE DOMINANT GLUCOSIDE LOTAUSTRALIN 
AND ENzYMB LINAMARASE ALLELES IN STRAINS OF 7’. repens (PER CENT) 








° Glucoside Enzyme 
Strains Origin No. of allele allele 
plants Ae Li 

8.100 Nomark British 321 100-0 86°341-92 
Kersey British 151 | 88-5+2-60 | 60-:1+3-98 
8.100 British 332 80-2+4+2-19 | 79°542-22 
N.Z. certified New 

‘Mother’ seed Zealand 173 | 60-543-72 | 66-0+3-60 
8.184 British 304 | 57-5+2-84 | 59-4+42-82 
N.Z. certified ‘per- | New 

manent pasture’ Zealand 104 | 44°5+4°87 | 50-°0+4-90 
Morse Danish 115 | 17-143°51 | 10-642-87 
Weibull’s Robusta | Swedish 183 8642-07 | 72:343°31 
Ladino Italian 129 §-241-95 | 25°843-85 
Weibull’s Nora Swedish 165 4°7+1-65 | 74-°243-41 
English Dutch Dutch 126 2°8+1-47 | 10-542-73 
Weibull’s Tetra- 

ploid Swedish 149 0-0 15-242 -92 























Zealand strains possess high frequencies of the 
dominant alleles. In contrast, the Swedish, Danish 
and north Italian strains show comparatively low 
frequencies of the dominant alleles, with the exception 
of the Weibull’s Robusta and Nora for enzyme gene. 

The picrate-paper test also gives an indication of 
the relative chemical output of the gene. According 
to the amount of gene product, six colour reaction 
classes were distinguished. There was a positive 
correlation (r = 0-8971, P < 0-001) between the gene 
frequencies and the chemical output of the gene 
(Fig. 1). 
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Mode of reactions in strains of Trifolium repens 


Fig. 1. Relation between the frequencies of the glucoside lotau- 
stralin gene and the reaction ew plotted as modal reaction 
classes 


I consider that the variation between the gene 
frequencies in the samples of 7’. repens derived from 
different geographical regions is governed by natural 
selection. 

I am indebted to Prof. T. J. Jenkin, former director 
of the Welsh Plant Breeding Station, for facilities 
for carrying out this investigation, and to Mr. Watkin 
Williams, former head of the Clover Breeding Section 
of the Station, for suggesting the experiment, and 
to Mr. R. C. O. Davies for his help. 

H. Dapay* 
Welsh Plant Breeding Station, 
University College of Wales, 
Aberystwyth. May 19. 


* New address: Division of Plant Industry, Commonwealth 
Scientific and Industrial Research Organization, Canberra, Australia. 
1 Daday, H., Heredity, 8, 61 (1954). 

* Daday, H., Heredity (in the press). 
* Corkill, L., N.Z. J. Sci. Tech., 22, 65B (1940). 





522 
FORTHCOMING EVENTS 


(Meeting marked with an asterisk * is open to the public) 


Sunday, September |2—Friday, September !7 


SocrETY FOR EXPERIMENTAL BroLoey (in the Lecture Theatre, 
Department of Physics, The Universit: VA )}—Symposium on 
“Fibrous Proteins and their Biological Significance”. 


Monday, September |13—Friday, September 17 


ASSOCIATION OF APPLIED BIOLOGISTS (at Imperial College, South 
Kensington, London, 8.W.7)—Jubilee Conference. 


Monday, September 13—Saturday, September 18 


INTERNATIONAL UNION OF NUTRITIONAL SCIENCES (at Amsterdam) 
—tThird International Congress of Nutrition. 


Wednesday, September 15—Friday, September 17 


FarabDay Socrery (in the Department of Chemistry, The University, 
Sheffield)—General Discussion on ‘‘Coagulation and Flocculation”’. 


Friday, September 17 


British SocreTy OF RHEOLOGY (in the Main Chemistry Lecture 
Theatre, Imperial College, Imperial Institute Road, London, S.W.7), 
at Fe Ee ; Conference on “‘Viscoelasticity in Solids, Emulsions 
an lutions”. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 
bee ee oe ASSISTANT Largest a degree, including geology to at least pass 
—s an interest in paleontology) IN THE GEOLOGY DEPART 
Secretary, og ed College London, Gower Street, 
pe W.C.1 (September 18). 

LECTURER or ASSISTANT LECTURER IN PsycHOLOGY—The Secretary, 
London School of Economics and Political Science, Houghton Street, 
Aldwych, London, W.C.2 (September = 

LECTURER or ASSISTANT LECTURER IN THE DEPARTMENT 0 
MATHEMATICS—The Registrar, University "College of Wales, phen 
— (September 20). 

ScIENTIFIC hn I (with an honours degree in bacteriology, or an 
honours degree in science with a diploma in bac’ , and prefer- 
ably with a wind knowledge of mistry) IN THE ACTERIOLOGY 
DEPARTMENT— a Hannah Dairy Research Institute, 
Kirkhill, — (September 20 

LEcT academic qualificati practi 


wong in the Bore engineering ind = eg IN ELEcTRI 
GINEERING—The Regis’ e bps ote te Leeds (September 21), 
-class honours degree in 


on: 

experience of instrumenta tion research and levelop- 

ment), IN THE ROCKET PROPULSION cad, Ministry of Supply, 
Westcott, een to Iead a small section on rocket instrumen: 

research—The Ministry of. Labour and National Service, Technical 

and Scientific — (K), 26 King Street, London, 8. W.1, quoting 

“See ue id a with tgraduate training or experience 

ACTERIOLOGIST ua’ ua’ 

in a) se at Be 3 Wallace a Research ay New 

Zealand of Agriculture, for research the con- 

oer ye sementianted animals—' High 

415 Strand, London, W.C.2, quoting 


in statistics or in mathematics 

with = ) IN MATHEMATICAL STATISTICS— 

The Clerk to the Governors, Chelsea Polytechnic, Manresa Road, 
— 8.W. tu poaee 30). 


or ASSISTANT EXPERIMENTAL OFFI 
IN THE TomeLeey SECTION, to assist with laboratory and field investign 
tions on effects of orchard soil management practices, on the tree and 
the soil—The East Malling Research Station, near Maid- 
stone, Kent (October 1). 
SENIOR LECTURER or LECTURER IN MATHEMATICS at the Uni rene 
Co! of the Gold Coast—The Secretary, Inter-University 
for Higher Education in the Colonies, 1 Gordon Sq London, 
W.C.1 (October 15). 
CHAIR OF PHY: 


I og 





MISTRY ; CHAIR OF BOTANY ; 
Salisbury, Southern 
Rhodesia—The Secretary, Inter-University Council for Higher 
— in the Colonies, 1 Gordon Square, London, W.C.1 (October 


2 CHEMICAL ENGINEERING—The Registrar, University 
College, Singleton Park, a eee r 25). 

‘ANT LECTURER (wii qualifications in applied mathe- 

—— IN gt ee trar, The University, Manchester 


13 (October 
meet (with an honours degree in chemical 
alent with postgraduate or industrial 
ing) IN CHEMICAL ENGINEERING, and a LECTURER (with = honours 


= in petroleum, 
postgraduate or industrial ence) IN PETROLEUM PRODUCTION 
anu The Registrar, Oniversitys Edgbaston, Birming- 


ham 15 (November 1). 


SENIOR (specializing either 
cultural oa IN AGRICULTURAL 
College, University Coll of East amg oy Secretary, 
University for oe in the Colonies, 1 Gordon 
Square, London, W.C.1 (November 30, 


or equiv- 


NATURE 


September Il, 1954 vo. ia 


Head (with research and 
DEPARTMENT—The Northern 
SENIOR TECHNICAL Cuma { Pie 


experience) on THE Px 


ms degree in ture or XS 

or equivalent qualifications, and culture or b ne 
Prine Seorttary National taste “ " Aericulvural Botece oe 
a ry, National Institute for 

ingdon Road, Cambridge. : 


REPORTS and other PUBLICATIO 


(not included in the monthly Books Supplement) 
Great Britain and Ireland 


Discovery Reports. Vol. 27: logical Notes ot Oc 
together with Systematic — ae — on Pola Sp eel 
from Other Oceans. By A tton. Pp. 1-162 + plates l- 
(Cambridge : ae the Universite) Press, 1954.) 60s. net. 

De t of ee Foy. Industrial Report of 
forthe he mreere lon. these? 5 ghee 
Omec” igs.) 5 6d. net. 

Ministry of Housing and Locai Go 
Alkali &c. Wi 


for Scotland. fees Sr eeeienae a ‘Alkali 
72. (Lonton : HEM 





Ann 
2s. 6d. net. me 
Registrar General’s Quer F any for “s 
— I eather, Pog lee 


ious Diseases, 
tion Estimates uarter ended $1: st. 1954. 
H.M. Stationery a 1954.) Qe. net. Mare — Gat 


Smithsonian 


ture Congolaise. ag my D 
vilents kapemee ue du Congo Belge : hoe 

Réalisations. n -y-+ en is 100. 

= tes. Bg 7h l'Institut National woor Pitas 
tions de I’Institut National pour I’Btude mique 4 a 
—¥ Belge. —_ Rg = No. Pes aa : 
ery Waegemans. = = al i. 
Pinsitat isonal peur Fibtde Aavesettiane ~ Belge, 1954) 


des Fraunhofer Insti 


Tronom 


t of Mines 

bservatory, O Vol. 14: ‘4 
: Items 8113-8301 January-June, 1 

Pp. ii+259-278. (Ottawa: Queen’s 


African High Commission. Virus Research 
aa . 1963. Pp. i+23 (4 plates). (Nairobi: 
World Health Organization. Monograph Series No. 24: 
vanosis (Granuloma Inguinale, Granuloma Veneroum). By 
R. V. and Prof. P. N. Pp. 72 (24 . (Ge 
World eg B —, : HLM. 
eS ollars ; 6 Swiss francs. 
Keiferiag Instivaie for” Cancer Hesearch, Lay me Re rt, 
june is 1954. 23. (New York: Sloan-Kettering tute 


1954.) 
Université de Montréal. Annuaire de la Faculté des Sci 
1954-55. Pp. 71+1 plate. (Montreal: Université de Moni 


1954. 
Government: Ministry of Bulletin No. 14 
ont eh os By H. Ferguson. . iv+30+6 plates. (Khar- 
: Agricultural Publications Committee, 1954.) 15 p.t. 
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